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Summary

The multiaxis thrust-vectoring capability obtained

by canting two-dimensional convergent-divergent ex-
haust nozzles installed on a twin-jet afterbody model

has been determined in an investigation conducted

in the Langley 16-Foot Transonic Tunnel. Pitch vec-

toring was accomplished by deflection of the nozzle

upper and lower divergent flaps. Several combina-

tions of symmetric and differential pitch-deflection

angles were tested at nozzle cant angles of 0 °, 30 °,
and 45 ° . The effect of varying nozzle divergent flap

length was also studied. This investigation was con-
ducted at Mach numbers from 0.20 to 1.20, at angles

of attack from 0° to 27.5 °, at nozzle pressure ratios

up to 8.0, and at sideslip angles of 0 ° and 5°.

At static conditions, resultant pitch-vector an-

gles were always greater than the geometric angle for

symmetrical pitch vectoring. Differential pitch vec-

toring for the canted nozzle configurations produced
resultant yaw angles that were always greater than

the geometric angles. Both angles resulted from the
overturning of the pitch-vectored nozzle flow.

The effects of symmetric pitch vectoring on the

longitudinal aerodynamic characteristics followed ex-

pected trends. The magnitude of both lift and

pitching-moment coefficients increased with increas-

ing nozzle pressure ratio and/or nozzle deflection

angle. Similar effects were obtained for the lateral

aerodynamic characteristics from differential pitch

vectoring (yaw vectoring). Symmetric and differ-
ential pitch vectoring produced force and moment
increments that remained essentially constant over

the entire angle-of-attack range for all Mach num-

bers tested.

Lift and pitching moment decreased with increas-

ing nozzle cant angle for symmetric pitch vectoring.

For differential pitch vectoring, side force and yaw-

ing moment increased with increasing nozzle cant an-

gle. Afterbody aeropropulsive performance for the
unvectored 30°-cant installation was equal to or bet-

ter than the performance of the 0°-cant installation,

regardless of nozzle flap length. This higher perfor-
mance resulted from the 30°-cant installations having

lower aft-end drag at power-on conditions.

The configurations with the long nozzle flaps gen-

erally had lower aft-end drag when unvectored, and

significantly higher aft-end drag when vectored. The
vectored long-flap nozzle configurations had 60 to

85 percent higher jet-induced lift than the configu-
rations with the standard flaps.

Introduction

The mission requirements for the next generation

of military aircraft may dictate a highly versatile ve-

hicle that is capable of supersonic cruise, has short

take-off and landing characteristics, and can maneu-

ver at high angles of attack. Several studies have

shown that significant advantages in air combat are

gained with the ability to perform transient maneu-
vers at high angles of attack, including brief excur-

sions into post-stall conditions. (See refs. 1 to 4.)

However, the angle-of-attack envelope of advanced

fighters can be limited because of degraded stability
characteristics and inadequate aerodynamic control

power at high angles of attack. Providing controls

that maintain high levels of effectiveness will allow

future fighters to exploit a much expanded angle-of-

attack envelope.

One promising method of providing large control

moments that are independent of angle of attack

is vectoring of the exhaust flow. If current control

capabilities are sufficient, augmenting existing fighter

aircraft control systems could allow the designer the

option of reducing empennage size and thus reduce

total airframe drag. In either case, improved low-

speed, high-angle-of-attack performance and short-

field capability are likely benefits of the use of thrust

vectoring. (See refs. 5 to 7.)

A number of investigations, conducted at static

(wind off) and forward speeds, have verified the ef-
fectiveness of multifunction nozzles for pitch thrust

vectoring. (See, e.g., refs. 8 to 11.) More recent stud-
ies have evaluated static and wind-on effects of lat-

eral or yaw thrust vectoring on installed performance.

(See refs. 12 to 16.) In general, multiaxis thrust vec-
toring for these studies is achieved by providing me-
chanical devices in both the pitch and yaw planes

to vector the exhaust flow. Another way to achieve

multiaxis thrust vectoring for a twin-engine aircraft

is through an integration concept in which the twin

pitch-vectoring exhaust nozzles are canted. Cant-

ing the nozzles was accomplished by rotating each of
the exhaust nozzles about the respective thrust axis.

With the nozzles canted, pitching moment is ob-

tained by symmetric nozzle pitch deflection, whereas

yawing moment is produced from differential noz-
zle pitch deflection. An advantage of this concept is
that current full-scale, two-dimensional, convergent-

divergent nozzles (ref. 6) can be used without hav-

ing to modify the nozzle to accommodate additional
mechanisms to obtain yaw-vectoring capability.

This paper presents results from an investigation
on the effects of nozzle cant angle of two-dimensional,

convergent-divergent exhaust nozzles installed on a



twin-jet afterbodymodel. This investigationwas
conductedin theLangley16-FootTransonicTunnel
at Machnumbersfrom 0.20to 1.20,at anglesof
attackfrom0° to 27.5°, at nozzlepressureratiosup
to 8.0,andat sideslipanglesof 0° and5°. Several

combinations of symmetric and differential nozzle

pitch deflections were tested at nozzle cant angles

of 0°, 30 °, and 45 °.

Symbols

All model longitudinal forces and moments are

referred to the stability-axis system, and all lateral

forces and moments are referred to the body-axis sys-
tem. The model moment reference center was located

at fuselage station 40.78 in. (FS 40.78). A discus-

sion of the data-reduction procedure and definitions

of the aerodynamic force and moment terms and the

propulsion relationships used herein are presented in

reference 17. The symbols used in the computer-

generated tables are given in parentheses.

b reference wing span, 40.00 in.

CD,a (CDA) aft-end drag coefficient,

CD, a ---- C(D_F) at NPR =

1.0 (jet off)

C(D_F) (CD-F) drag-minus-thrust coefficient,
Drag - Thrust

q_S

CF, j (CFJ) thrust coefficient along body

axis, pF_

CF, N (CFN) jet normal-force coefficient,

CF, S (CFS) jet side-force coefficient,
Pa

CL (CL) total aft-end lift coefficient,

including thrust component,
Lift

CL,a (CLA) aft-end aerodynamic lift

coefficient, CL, a = CL at NPR

= 1.0 (jet off)

CL_,, lift effectiveness due to thrust
vectoring, per degree

C I (CR, total aft-end rolling-

CROLL) moment coefficient, in-

cluding thrust component,
Rolling nloment

qoc Sb

Cl, a (CRA) aft-end aerodynamic rolling-

moment coefficient, Cl, a = Cl

at NPR = 1.0 (jet off)

Cm

Cm,a

Crn6

Cm6v

c,,

Cn,a

Cn 6

Cn_ v

Cy

y, a

F - D/Fi

Fi

Fj

FN

Fr

FS

g

(CM)

(CMA)

(CN,

CYAW)

(CNA)

(CY)

(CYA)

(FI)

(F J)

(FR)

total aft-end pitching-moment

coefficient, including thrust

component, Pitching moment
qc_ S

aft-end aerodynamic pitching-

moment coefficient, Cm,a =
Cm at NPR = 1.0 (jet off)

longitudinal control power,

per degree

longitudinal control power due

to thrust vectoring, per degree

total aft-end yawing-

moment coefficient, in-

cluding thrust component,
Yawin_ moment

qoc Sb

aft-end aerodynamic yawing-

moment coefficient, Cn,a = Cn
at NPR = 1.0 (jet off)

directional control power, per

degree

directional control power due

to thrust vectoring, per degree

total aft-end side-force coeffi-

cient, including thrust compo-
Side force

nent,

aft-end aerodynamic side-force

coefficient, Cy. a = Cy at NPR

= 1.0 (jet off)

side-force effectiveness due to

thrust vectoring, per degree

reference chord, 18.00 in.

aeropropulsive parameter

ideal isentropic gross thrust,

WPV7 (__)/RTt'3 [1- (_)(7-1)/'I],

lbf

measured thrust along body

axis, lbf

measured jet normal force, lbf

resultant gross thrust,

v/Fj 2 + F 2 + F 2, lbf

measured jet side force, lbf

gravitational constant,

32.174 ft/sec 2
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M

NPR

Pa

Pt,j

P_

q_c

R

wi

Wp

x, y, z

ot

_p

_v,p

(MACH)

(NPR)

(wI)

(wP)

ALPHA)

(DELTAP)

_y (DELTAY)

Subscripts:

l

r

Abbreviations:

C-D

FS

free-stream Mach number

nozzle pressure ratio, Pt,j/Pa

or Pt,j / poc

ambient pressure, psi

average jet total pressure, psi

free-stream static pressure, psi

free-stream dynamic pressure,

psi

gas constant,

1716 ft2/sec 2-°R

wing reference area, 700.00 in 2

average jet total temperature,
oR

ideal weight-flow rate, lbf/sec

measured weight-flow rate,

lbf/sec

model coordinates, in.

angle of attack, deg

sideslip angle, deg

ratio of specific heats, 1.3997

for air

resultant pitch-vector angle,

tan-1 _j, deg

geometric pitch-vector angle
for one or two nozzles, mea-

sured from nozzle centerline,

positive for downward deflec-

tion, deg

resultant yaw-vector angle,

tan- 1_jj, deg

nozzle cant angle, measured

from nozzle centerline, positive

outboard, deg

left

right

convergent-divergent

fuselage station (axial location
described by distance from

model nose), in.

STOL

2-D

short take-off and landing

two-dimensional

Apparatus and Procedure

Model

General arrangement. The overall model ex-

ternal geometry is presented in figure 1. The model
consisted of two major portions: the nonmetric fore-

body and metric afterbody. The metric portion of
the model aft of FS 39.00, which is supported by

the force balance, consisted of the propulsion system,

afterbody, and nozzles. The model had essentially

rectangular cross sections with rounded corners. The

body lines were chosen to enclose the internal propul-

sion system and to fair into the afterbody that en-
closed the nozzles. The maximum width and height
were 9.00 in. and 5.00 in., respectively. Table l(a)

presents external geometry coordinates for both the
fixed nonmetric forebody and the metric afterbody

up to FS 48.20. A 0.06-in. gap between the non-
metric forebody and metric afterbody was required

to prevent fouling of the force balance. A flexible

plastic strip was inserted into circumferentially ma-
chined grooves in each component to impede flow into

and out of the internal model cavity.

Nozzle integration. Multiaxis thrust vectoring

for this investigation was achieved through a nozzle

integration concept in which twin pitch-vectoring ex-
haust nozzles were canted. With the nozzles canted,

pitching moment is obtained by symmetric nozzle

pitch deflection, whereas yawing moment is produced
from differential nozzle pitch deflection. The model

was tested with cant angles of 0 °, 30 °, and 45 °. Pho-

tographs that show rear views of the three nozzle in-

tegrations are presented in figure 2. Overall views
of the three configurations are shown in figure 3.

This configuration represents a typical twin-engine

fighter afterbody integration. Nozzle spacing was de-

fined by the requirement of canting each nozzle up to
45 ° without physical interference on the other noz-

zle. External afterbody lines for these three configu-

rations are presented in figure 4, and external coordi-
nates between FS 48.20 and FS 57.82 are presented

in tables l(b) to l(d). Changes to the afterbodies

occurred only between FS 48.20 and FS 57.82.

Exhaust nozzles. The two-dimensional con-

vergent-divergent (2-D C-D) nozzle is a nonaxi-

symmetric exhaust system in which a symmetric
contraction and expansion process takes place in-

ternally in the vertical plane. Basic nozzle compo-
nents consist of upper and lower flaps to regulate

the contraction and expansion process and flat nozzle
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sidewallsto containtheflowlaterally.Theflapinner-
surfacegeometry(on full-scalehardware)can be
variedor alteredbyactuatorssothat (1) theengine
powersettingcanbechangedby varyingthethroat
heightand(2) theexpansionsurfaceangle(flat sur-
facedownstreamof thethroat)canbevariedforop-
timumexpansionof theexhaustflow. The2-D C-D

nozzle can be designed to vector the exhaust flow up

or down (in the pitch plane) by rotating the upper
and lower flaps independently. Typical full-scale 2-D
C-D nozzles are shown in references 6 and 18.

The subscale 2-D C-D nozzle models tested during
this investigation are shown in figure 5. These nozzles

are fixed-geometry representations of a variable ge-

ometry nozzle at a dry-power or cruise power setting
with a design NPR of 3.23. The nozzle throat area

(3.50 in 2) and expansion ratio (1.12) were sized to

be consistent with advanced mixed-flow turbofan cy-

cles. The ratio of total throat area to maximum body
cross-sectional area was 0.16 and the nozzle throat

aspect ratio was 3.50. Geometric pitch thrust-vector

angles of 0 °, 10 °, 20 °, and 30 ° were tested during

this investigation. Sketches of these nozzle config-

urations are presented in figure 5, and photographs

of the nozzles with various pitch-vector angles are
shown in figure 6. Table 2 presents nozzle and side-

wall internal and external coordinates for the various
nozzle configurations.

An alternate 2-D C-D nozzle with long divergent
flaps was also tested. This design represents a nozzle

that may be required for aircraft designed to cruise

efficiently at supersonic speeds. Generally, very high
nozzle expansion ratios are required for efficient su-

personic cruise. With a longer divergent flap, a lower

internal divergence angle and external boattail angle
result when compared with the standard flap. Both
of these items should result in higher installed nozzle

performance. Sketches of this nozzle are presented

in figure 5 and photographs are presented in figure 7.

This nozzle had the same throat area and expan-
sion ratio as the baseline nozzle. However, the nozzle

boattail angle was 12.5 °, whereas the boattail angle

for the standard nozzle was 18.3 ° . Only geometric
pitch thrust-vector angles of 0 ° and 20 ° at cant an-

gles of 0° and 30 ° were tested with the longer flaps.

Twin-Jet Propulsion Simulation System

A sketch of the twin-jet simulation system is pre-

sented in figure 8. An external high-pressure air sys-

tem provides a continuous flow of clean, dry air at
a controlled temperature of about 530°R at the noz-

zles. This high-pressure air is brought through the

support strut by six tubes into a high-pressure cham-

ber. Here the air is divided into two separate flows
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and is passed through flow-control valves. These

manually operated valves are used to balance the

exhaust-nozzle total pressure in each duct. As shown

in figure 9, the air in each supply pipe is then dis-

charged perpendicularly to the model axis through

eight sonic nozzles equally spaced around the supply

pipe. This method was designed to eliminate any
transfer of axial momentum as the air is passed from

the nonmetric portion to the metric portion (portion

of model supported by force balance) of the model.
Two flexible metal bellows are used as seals and serve

to compensate for the axial forces caused by pres-

surization. The cavity between the supply pipe and
bellows is vented to model internal pressure. The air

is then passed through a choke plate and screen, an
instrumentation section, and a transition section to

the exhaust nozzles being tested. Canting the noz-

zles was accomplished by rotating each of the exhaust

nozzles about its respective thrust axis at a nozzle ro-
tational joint. (See fig. 8.)

Wind Tunnel and Support System

This investigation was conducted in the

Langley 16-Foot Transonic Tunnel, a single-return

atmospheric wind tunnel with a slotted octagonal

test section and continuous air exchange. The wind

tunnel has a continuously variable airspeed up to a
Mach number of 1.30. Test-section plenum suction is
used for speeds above a Mach number of 1.05. A

complete description of this facility and operating
characteristics can be found in reference 19.

The model was supported by a sting strut; the

model center of rotation is indicated in figure 1. The
top-mounted strut arrangement was chosen in order

to minimize any support interference effects at high
angles of attack. Sideslip angle was obtained by ro-

tating the model relative to the strut to the appropri-

ate angle. Thus, the strut incidence angle was held

at 0 °. The strut had a 45 ° leading-edge sweep, a

20.00-in. chord, and a 5-percent-thick hexagonal air-

foil in the streamwise direction. The model blockage
ratio was 0.0015 (ratio of model cross-sectional area

to test-section area), and the maximum blockage ra-
tio, including the support system, was 0.0020.

Instrumentation

Forces and moments on ttle metric portion of the

model were measured by a six-component strain-gage
balance. This force balance measured forces and mo-

ments resulting from nozzle gross thrust and the ex-

ternal flow field over that portion of the model aft of
FS 39.00. External-seal static pressures were mea-

sured at five points in the seal gap at the metric
break. All orifices were located on the nonmetric



forebodyand werespacedsymmetricallyaboutthe
modelperimeter.Twointernalpressuresweremea-
suredat themetric-gapstation.Thesepressuremea-
surementswerethen usedto correctthe measured
forcesand momentsfor pressureareataresasdis-
cussedin theappendixof reference11.

Flowconditionsin eachnozzleweredetermined
from four total-pressureprobesand one total-
temperatureprobelocatedat FS54.22in theinstru-
mentationsectionaft of thechokeplateandscreen.
Nozzletotal pressurewasdeterminedfrom these
measurements.Weightflowof the high-pressureair
suppliedto theexhaustnozzleswasdeterminedfrom
a calibratedchokedventurisystemlocatedin the
air line externalto the wind tunnel. (Seeref. 20.)
All pressuresweremeasuredwith individualpressure
transducers.

Data Reduction
All datafor both themodelandthewind-tunnel

facility wererecordedsimultaneouslyon magnetic
tape. Approximately50 framesof data,takenat a
rateof 10samplespersecondfor 5 sec,wereused
for eachdatapoint. Averagevaluesof therecorded
datawereusedto computestandardforceandmo-
mentcoefficients.Althoughthis configurationwas
testedwithoutawing,areferencewingwasassumed
in orderto nondimensionalizetheforceandmoment
coefficients.Thewingreferencedimensionsfor this
configurationwerebasedon thefact that thebody
overalllengthandnozzlethroatareasweresizedto
approximatea 10-percent-scaleadvancedfighterair-
craft. Compositedimensionsfor this configuration
werechosenbyaveragingthoseofseveralfightercon-
figurations.(Seerefs.6, 9, 11,and13.)As aresult,
thismodelhadawingreferenceareaof 700.00in2,a
wingmeangeometricchordof 18.00in., anda span
of 40.00in. Thecenterof gravity(momentreference
center)waslocatedfromthe noseat 69percentof
thebodylength,whichis typicalfor fighterconfigu-
rations.This locationcorrespondsto approximately
0.25_for theseconfigurations.

Forcesandmomentsmeasuredby the forcebal-
ancearecorrectedfortareforcesthat resultfromthe
combinedeffectof loadingthebalancewith thebel-
lowssystemandfrommomentumtareforces.Axial

forceandpitchingmomentarealsoadjustedto the
conditionof free-streamstaticpressureactingacross
thebalancemetricbreakat FS39.00.Detaileddis-
cussionsof theseprocedurescanbe foundin refer-
ences11,17,and19.

The adjustedforcesand momentsmeasuredby
theforcebalancearetransferredfromthe bodyaxis
of the metricportion of the model to the stabil-
ity axis. Attitude of the nonmetricportion of the
modelrelativeto gravitywasdeterminedfromacal-
ibratedattitudeindicatorin themodelnose.Angle
of attacka, the angle between the afterbody center-
line and the relative wind, was determined by ap-

plying terms for afterbody deflection, caused when
the model and balance bend under aerodynamic load,

and a flow angularity term to the angle measured by

the attitude indicator. The flow angularity adjust-

ment was 0.1 °, which is the average angle measured

in the Langley 16-Foot Transonic _nnel.

Tests

This investigation was conducted in the Langley
16-Foot Transonic Tunnel at Mach numbers of 0.20,

0.60, 0.80, 0.90, and 1.20 and at angles of attack
from 0° to 27.5 °. Nozzle pressure ratio varied from

1.0 (jet off) to 8.0, depending on Mach number. Most
model configurations were tested at angles of attack
from 0 ° to 14.5 °, and selected configurations were

subsequently tested up to 27.5 ° . All configurations
were tested at 0 ° sideslip, and selected configurations

were also tested at 5 ° sideslip. Basic data were

obtained by varying nozzle pressure ratio at 0 ° and

20 ° angle of attack and by varying angle of attack
at NPR = 1.0 (jet off) and at a fixed (different for

each Mach number) nozzle pressure ratio. The fixed

nozzle pressure ratio represented a typical operating

pressure ratio for a turbofan engine at that Mach
number. These nozzle pressure ratios included: 3.2

for M = 0.20, 4.8 for M = 0.60, and 6.0 for M =
0.90. Reynolds number per foot varied from 3.2 × 106

at M = 0.20 to 4.0 × 106 at M = 1.20. All tests

were conducted with a 0.10-in-wide boundary-layer

transition strip consisting of No. 120 silicon carbide

grit sparsely distributed in a thin film of lacquer. A

single strip was located 1.00 in. from the tip of the

forebody nose.
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Presentation of Results

Theresultsof this investigationarepresentedin both tabularandplottedform. Table3 is an indexto
the resultscontainedin tables4 to 36. Staticperformancedata for the variousnozzleconfigurationsare
presentedin tables4 to 8, andaerodynamiccharacteristicsfor all theconfigurationstestedarepresentedin
tables9 to 36. Skin-frictioncoefficientspluswave-dragcoefficientsfor selectedconfigurationsaretabulated
in table37. Thecomputersymbolsappearingin thesetablesaredefinedin thesectionentitled"Symbols"
with their correspondingmathematicalsymbols.Comparisonandsummaryplots for selectedconfigurations
arepresentedin figures10to 57asfollows:

Figure
Static(M = 0) datafor:

Symmetricpitchvectoring,standardflaps .......................... 10
Summaryof resultantthrust ratios,standardflaps ...................... 11
Summaryof resultantpitch-vectorangles,standardflaps ................... 12
Differentialpitchvectoring,standardflaps .......................... 13
Summaryof resultantyaw-vectorangles,standardflaps .................... 14
Symmetricpitchvectoring,longflaps ............................ 15
Effectof flaplength ................................... 16

Totalaerodynamiccharacteristicsfor 0 = 30 ° with standard flaps for:

Symmetric pitch vectoring; a -- 0 ° ............................. 17

Symmetric pitch vectoring; variable c_ ............................ 18

Differential pitch vectoring; (_ = 0 ° ............................. 19

Differential pitch vectoring; variable a ........................... 20

Predicted lift and side-force coefficients; c_ = 0 ° ....................... 21

Thrust-removed aerodynamic characteristics at 0 = 30 ° with standard flaps for:

Symmetric pitch vectoring; a = 0° ............................. 22

Symmetric pitch vectoring; variable c_ ............................ 23

Differential pitch vectoring; a = 0 ° ............................. 24

Differential pitch vectoring; variable c_ ........................... 25

Afterbody aeropropulsive performance at a = 0° for:

Effect of cant angle; standard flaps; 5v,p, l = 0°; ¢_v,p,r : 0 ° ................... 26

Effect of cant angle; standard flaps; 5v,p,l = 20°; 5v,p,r = 20 ° .................. 27

Effect of cant angle; long flaps; _v,p,l -_ 0°; _v,p,r _- 0° ..................... 28

Effect of cant angle; long flaps; _v,p,t = 20°; _v,p,r = 20 ° .................... 29

Summary of afterbody aeropropulsive performance at c_ = 0° for:

Effect of cant angle; standard flaps ............................ 30

Effect of cant angle; long flaps .............................. 31

Effect of cant angle on total aerodynamic characteristics at a = 0 ° for:

Standard flaps; variable 0; _v,p,l = 20°; _v,p,r = 20 ° ...................... 32

Long flaps; variable 0; 5v,p,l = 20o; 6v,p,r -'- 20 ° ........................ 33

Standard flaps; variable 0; 6v,p, l = -20°; _v,p,r : 20 ° ..................... 34

Effect of cant angle on thrust-removed aerodynamic characteristics for:

Standard flaps; variable 0; 6v,p, l = 20°; _v,p,r -- 20°; o_ -- 0 ° .................. 35

Long flaps; variable 0; _v,p,l -- 20o; _v,p,r = 20°; o_ -- 0 ° .................... 36

Standard flaps; variable 0; _v,p,l = -20°; bv,p,r = 20o; o_ -- 0 ° .................. 37

Summary of total aerodynamic characteristics at _ = 0 ° for:

Symmetric pitch vectoring; standard flaps .......................... 38



39
40Symmetricpitchvectoring;longflaps ..........................

Differentialpitchvectoring;standardflaps ..........................

Summaryof thrust-removedaerodynamiccharacteristicsat a = 0° for: 41

Symmetric pitch vectoring; standard flaps ......................... 42

Symmetric pitch vectoring; long flaps .................... 43
Differential pitch vectoring; standard flaps ..........................

Effect of flap length at a = 0° for: = 0o ......... 44
Afterbody aeropropulsive performance; 0 = 0°; _v,p,l = 0°; 6v,p,r ..... 45

Afterbody aeropropulsive performance; 0 = 30°; div,p,l = 0°; div,p,r = O° ..........
Total aerodynamic characteristics; 0 = 30°; (_v,p,l = 20°; 5v,p,r = 20° ............... 46

Thrust-removed aerodynamic characteristics; 0 = 30°; _v,p,l = 200; div,p,r = 20° .......... 47

Summary of flap length effect at a = 0° for: 48

Afterbody aeropropulsive performance; 0 = 0° ........................ 49

Afterbody aeropropulsive performance 0 = 30 ° ....................
Total longitudinal aerodynamic characteristics; 0 = 0° .................... 50.......... 51
Total longitudinal aerodynamic characteristics; 0 = 30 ° .......... 52

Thrust-removed longitudinal aerodynamic characteristics; 0 = 0° ................

Thrust-removed longitudinal aerodynamic characteristics; 0 30 ° 53

Control-power parameters at c_ = 0° for: .......... 54

Symmetric pitch vectoring .................... 55

Differential pitch vectoring ....................

Comparison of powered and aerodynamic controls for: 56

control power ............................... 57Longitudinal ...........
Directional control power ....................

Discussion

Nozzle Static Performance

Static (M = 0) performance characteristics for
the various nozzles that show the effects of symmetric

and differential pitch deflection, cant angle, and noz-

zle divergent flap length are presented in figures 10
to 16. Static nozzle performance is presented as inter-

nal thrust ratio Fj/Fi, resultant thrust ratio Fr/Fi,

resultant pitch-vector angle dip, resultant yaw-vector

angle 5y, and nozzle discharge coefficient Wp/Wi.

Effects of pitch vectoring. The effects of sym-

metric pitch vectoring on nozzle static performance
for the three nozzle cant angles with the standard di-

vergent flaps are presented in figure 10. Peak nozzle

performance for the unvectored nozzles generally oc-
curred between nozzle pressure ratios of 3.0 and 4.0.

Typically, the peak nozzle performance is obtained
at the jet nozzle pressure ratio required for fully ex-

panded flow (the design pressure ratio), which for
the current nozzles is 3.23. There was essentially no

effect of cant angle on the resultant thrust ratio for

the unvectored nozzle over the nozzle pressure range

tested. (Compare figs. 10(a), 10(b), and 10(c).)

The effect of symmetric pitch vectoring on resul-

tant pitch-vector angle for the three cant-angle con-

figurations tested is also shown in figure 10. Symmet-
ric pitch vectoring, that is, deflection of the nozzle

flaps for both nozzles in the same direction, resulted

in pure pitch vectoring. This pitch-vectoring con-
cept was very effective. For the configuration with 0°

cant, resultant pitch-vector angles were greater than

the geometric pitch-vector angle tested over the full

test range of nozzle pressure ratio. Such large pitch-
vector angles, typical of pitch vectoring by differen-

tial flap deflection (refs. 8 to 10 and 13), are caused

in part by local overexpansion at the nozzle throat
on the lower flaps of the nozzle. This very local-

ized region of overexpanded flow forms immediately
downstream of the throat and forces the exhaust flow

to overturn before expanding onto the lower flap.

As expected, there was a decrease in resultant

pitch-vector angle as cant angle was increased. The

decrease in 6p with increasing cant angle is most
obvious for geometric pitch-vectoring angles of 20 °
and 30 ° • This loss in pitch-vector angle results from

a decrease in the jet normal force as the nozzles are

rotated about their axes.
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Theseeffectsof pitch vectoringandcant angle
aresummarizedfor a nozzlepressureratio of 3.2
(designNPR) in figures11 and 12, respectively,
whereresultantthrustratiosandpitch-vectorangles
areshownasa functionof bothpitch-vectorangle
andcantangle.Figure11showsthat thereis about
a 1-percentvariationin resultantthrust ratio as
the geometricpitch-vectorangleincreasesfor the
configurationwith 0° cant. This relativelysmall
effectonthrustindicatesthat thereareessentiallyno
turning lossesfor this nozzle;this is a typicalresult
for 2-DC-D nozzleswith differential-flapvectoring,
becausethe flow is turnedessentiallyat subsonic
Math numbers(refs.8 to 10).However,for boththe

o o . .

0 - and 45 -cant configurahons, there is a significant

loss in resultant thrust ratio with increasing pitch-
vector angle. This loss is a result of a reduction in

the total jet normal force as each nozzle is rotated

about the axis (loss equivalent to (1 -eosO)CF, N

at 0 = 0°). At the same time, there are side-

force components of the resultant thrust that, for
this twin-engine installation, cancel each other out.

Also shown in figure 11 is the variation of Fr/F i
with cant angle for 6v,p = 20 ° . The dashed line
represents the estimated resultant thrust ratio when

resultant pitch-vector angle equals geometric pitch-

vector angle. As can be seen, the losses in Fr/Fi
as 0 increased were greater than the losses predicted

for equal turning (6p = 6v,p). This effect on Fr/F_

is a result of the overturning (@ > 6v,p) previously
discussed. Internal overturning produces a normal

force that represents a larger percentage of the total
resultant force Fr than normal-force lewfls that would

result from equal turning. When the normal force is

reduced by canting, the percentage reduction in Fr
for the overturned configurations is greater than the

percentage reduction in Fr for equal turning. Thus,
for the 6v,p = 20 ° case presented in figure 11, Fr/F i is
always lower for the overturned configurations when
0>0 °.

The effect of cant on resultant pitch-vector angles

is summarized in figure 12. The dashed lines rep-

resent estimated values for the equal-turning case,
for which the resultant pitch-vector angle equals the

geometric angle. As can be seen, resultant pitch-
vector angles were greater than the estimated values

at all the cant angles tested. Even though 6p dimin-
ishes with increasing cant angle, the overturning phe-
nomenon keeps pitch levels higher than estimated.

Effects of differential pitch vectoring. The
effects of differential pitch vectoring on nozzle static

performance for various combinations of vector and

cant angle are presented in figure 13. For cant angles

greater than 0 °, symmetric or equal differential pitch

vectoring, such as _v,p,l = -20 ° and _v,p,r -_ 20 °,

resulted in only pure yaw vectoring. For example,
only resultant yaw angles were obtained for the 30 °

and 45 ° cant configurations for 20 ° of pitch deflec-

tion. For nonsymmetrical or unequal pitch vector-

ing, such as 6v,p, l = 0 ° and 5v,p, r = 20 °, vectoring in

both pitch and yaw occurs when 0 ¢ 0° (multiaxis

vectoring). For the two multiaxis-vectoring config-
urations of figure 13, the resultant pitch-vector an-

gles are about equal to those measured for nozzle-

vector angles of 6v,p,l = 10° and t_v,p, r = 10 °. These
results suggest that for appropriate combinations of

6v,p and cant, there is little or no coupling or interfer-

ence of the longitudinal and lateral control moments

at forward speeds. The large losses in Fr/F i that

occur for the symmetric differential-vectoring config-

urations result from the cancellation of the respec-
tive jet normal forces for each of the nozzles and
hence do not diminish resultant thrust. Resultant

thrust ratio increased with cant angle for the nozzle

geometric pitch-vector-angle combination (20°), be-

cause side-force contributions, which increase with 0,

are included in Ft. (See section entitled "Symbols" .)
Resultant yaw-vector angles at NPR = 3.2 are

summarized in figure 14. The dashed lines represent

an estimated _p when resultant pitch-vector angle
equals the geometric pitch-vector angle. As with

resultant pitch-vector angles, resultant yaw-vector
angles were greater than estimated values at all cant

angles tested; this difference indicated a favorable
effect of nozzle overturning.

Effects of nozzle flap length. The effects of

symmetric pitch vectoring and cant angle on nozzle

static performance for the nozzles with the long

divergent flaps are presented in figure 15; in general,
the effects are similar to those discussed for the nozzle

with the standard flap. A comparison of the static

performance of nozzles with the standard and long
flaps is presented in figure 16. At if° = 0°, the
resultant thrust ratios were about 1 percent lower

for the nozzles with the long flaps at NPR > 3.0

for both the 0 °- and 30°-cant configurations. This

lower thrust performance is caused by greater nozzle

internal-friction losses for the nozzle with the long
flaps. For 20 ° pitch vectoring, resultant thrust ratios

were 1 to 4 percent lower at NPR > 4.0 for the nozzle

with the long flaps at 0 = 0°; these ratios were only

about 1 percent lower at 0 = 30 °. At NPR > 3.0,
these nozzles had flow-turning characteristics that

were nearly identical to the nozzles with the standard
flaps.

Performance at Forward Speeds

Effects of thrust vectoring. The effects of

symmetric and differential pitch thrust vectoring on



the total aerodynamiccharacteristicsarepresented
in figures17to 20for theconfigurationwith30° cant
andwith thestandardnozzleflaps.Theseresultsare
similarto thoseobtainedfortheotherconfigurations
tested,suchasthe0%and45°-cantmodelswith the
standardflapsandthe 0°- and 30°-cantconfigura-
tionswith the longnozzleflaps. Only the relative
magnitudesof the variousperformanceparameters
aredifferentfor theseotherconfigurations.Conse-
quently,resultsfortheseconfigurationsarefoundin
tablesbut arenotplotted.Toillustratetheeffectsof
nozzlepressureratioandangleof attack,twotypes
ofdatapresentationsaremade.First, thetotalaero-
dynamiccharacteristicsareshownin figures17and
19asa functionof nozzlepressureratio at c_ = 0°.

Second, the variation of the total longitudinal aero-

dynamic characteristics with angle of attack is pre-

sented in figures 18 and 20 at the scheduled nozzle

pressure ratio for each Mach number.

The variation of the total aerodynamic character-

istics for the vectored 30°-cant configuration (fig. 17)

followed expected trends. At 0° pitch vectoring,
there was little or no effect of nozzle pressure ra-

tio on total lift coefficient. For the other vector an-

gles tested, increasing NPR resulted in an expected
increase in total lift coefficient. The increment in

C L between _v,p,1 -_ _v,p,r : O° and the other pitch-
vector angles at jet-off conditions (NPR = 1) is a
result of the aerodynamic flap effect from the de-

flected nozzle flaps at dfv,p > 0 °. As nozzle pressure

ratio increased, CL also increased. This increase in

CL was caused primarily by the jet-lift component
of the nozzle resultant thrust and some jet-induced

lift. For differential pitch vectoring, total side-force

coefficient Cy exhibited similar trends as the differ-

ential pitch-vector angles were increased from 0° to
30 °. For differential pitch vectoring, Cy is composed

primarily of the side-force component of the resultant

thrust and jet-induced side force.

Drag-minus-thrust coefficient varied nearly linear-

ally with nozzle pressure ratio regardless of the com-
binations of pitch-vector angles from either symmet-
ric or differential pitch vectoring (figs. 17 and 19).

The differences between C(D_F) for (Sv,p = 0° and the

other pitch-vector angles resulted from thrust losses

caused by turning the exhaust vector away from ax-
ial direction and from generally higher drag on the

vectored configurations. The increasing magnitude

of negative numbers for C(D_F) indicates improved

performance from either higher thrust or lower drag.

Symmetric pitch vectoring only produced longi-
tudinal forces and moments. On the other hand,

both yawing and rolling moments (but no longitudi-

nal forces or moments) result from differential pitch

vectoring for 0 _ 0°. (See fig. 19.) The levels of

rolling-moment coefficient shown for 5v,p = +30 ° are
about the same as those produced by typical rud-

der deflections for a fighter aircraft (ref. 13). Gen-

erally, use of a rudder for directional control results

in adverse rolling moments; that is, a positive rud-
der deflection causes a nose-left yawing moment ac-

companied by positive rolling moments. These ad-

verse rolling moments are present because the side

force generated by the rudder deflection is above the
moment reference center of the aircraft. This was

not the case for the canted nozzle configurations, for

which proverse roll resulted from the anhedraled noz-
zles. Dihedraled nozzles would, of course, produce

adverse rolling moment.

Pitch and yawing moments (multiaxis vectoring)

were produced by unequal differential pitch vector-

ing, that is by deflection of the left nozzle 0 ° and the

right nozzle 20 ° , as shown in figure 19. The pitch-
ing moment that results was equivalent to about 10°

of symmetric pitch thrust vectoring, and the yawing
moment was equivalent to about :t:10 ° of differential

vectoring. These results show that there are gener-

ally no coupling or interference effects of the longitu-
dinal control moment on the lateral moments during

single-axis (pitch or yaw) thrust vectoring. This is

usually not the case for the typical fighter aircraft

(ref. 21) with conventional aerodynamic control sur-
faces; for these aircraft, there is often a coupling of

the longitudinal and lateral moments, particularly at

high angles of attack.

The effects of angle of attack on the total aero-

dynamic characteristics for both symmetric and dif-

ferential pitch vectoring are presented in figures 18

and 20, respectively. The force or moment coeffi-
cients that result from changing nozzle pitch-vector

angle from 0° to any of the other combinations of

vector angles tested, at either jet-off or jet-on con-
ditions, remain essentially constant over the entire

angle-of-attack range for all Mach numbers tested.
Similar results were found in references 9, 11, and

13. A comparison of data (e.g., tables 26 and 27)
shows that force and moment coefficients also re-

mained constant over the entire angle-of-attack range

at /3 - 5 °. The main advantage of powered controls

over aerodynamic controls would be at very low speed

or at high angles of attack, where conventional aero-

dynamic controls lose effectiveness.

Lift and side-force coefficients for the canted noz-

zle installation can be predicted by using the force

characteristics from the 0°-cant configuration. This

process is illustrated in figure 21, in which predicted

values of CL and Cy are compared with measured
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values.Thepredictedvaluesof C L and Cy are only
a function of C L at 0 = 0° with cos 0 and sin O,

respectively. With a few exceptions, there was good
agreement between the predicted and measured val-
ues of both lift and side-force coefficients for the

various Mach numbers tested. The predicted val-
ues were lower than the measured values at subsonic

Mach number and higher than the measured values
at M = 1.2.

The effects of symmetric and differential pitch

vectoring on the jet-induced aerodynamic charac-

teristics are presented in figures 22 to 25 for the

30°-cant configuration with the standard nozzle flaps.

As stated previously, the results are typical for the
other configurations tested. Jet-induced lift varied

from about 25 to 50 percent of the total aft-end lift

at Mach numbers from 0.60 to 0.90. (Compare fig. 17
with fig. 22.) Similar results were found in refer-

ences 22 and 23. There was little or no effect on CD, a
from either nozzle pressure ratio or pitch vector an-

gles, except for the 30°-pitch vectored configuration.

The jet-induced side force (fig. 24) varied from 15

to 25 percent of the total aft-end side force. Again,
these results are typical and similar to those of ref-

erence 13. As shown in figures 23 or 25, jet-induced

forces and moments (the difference between coeffi-

cients at some NPR with jet off) generally showed

little variation as angle of attack was increased.

Effects of nozzle cant angle. The effects on
afterbody aeropropulsive charaeteristics due to cant-

ing with both the standard and long nozzle flaps are

presented in figures 26 to 29. The variation of the

aeropropulsive parameter F- D/Fi and aft-end drag

coefficient CD,a with nozzle pressure ratio is shown
at Maeh numbers from 0.60 to 1.20 at an angle of at-

tack of 0°. As expected, because drag increased with

increasing Mach number, the aeropropulsive perfor-

mance of all configurations decreased with increasing
Mach number. Figures 30 and 31 summarize these
results as a function of Mach number at the NPR

schedule and are representative of results at other

pressure ratios at a particular Ma_h number.

Afterbody aeropropulsive performance was equal

to or slightly higher for the unvectored 30°-cant in-
stallation than for the 0°-cant installation at subsonic

speeds for the nozzles with the standard nozzle flaps

(fig. 30(a)). The unvectored 45°-cant configuration
always had lower performance than the other two

configurations at subsonic speeds and higher perfor-
mance at M = 1.2. At subsonic speeds, the difference
between the canted and uncanted nozzle installations

was less than 0.05 percent of F - D/Fi.
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At jet-off conditions and at subsonic speeds, aft-

end drag coefficient was 0.0004 to 0.0018 lower for

the 0°-cant configuration than for the other two con-

figurations (fig. 30(a)). At jet-on conditions, how-

ever, the 0°-cant configuration had the highest aft-

end drag coefficient at all Maeh numbers tested. The

difference in aft-end drag for these configurations

was primarily due to nozzle installation effects; these

configurations had nearly identical computed skin-

friction and wave drag (table 37). These results indi-

cate that propulsion-induced (jet interference) effects
were more beneficial for the canted-nozzle installa-

tions than the 0°-cant installation. With the long

flaps, afterbody aeropropulsive performance was al-
ways greater for the 30°-cant installation than for the

0°-cant installation. (See fig. 31(a).) The canted-

nozzle installation with the long flaps also experi-
enced more beneficial jet interference effects than the

0°-cant configuration; these results were similar to

the canted configurations with the standard flaps.

The pitch-vectored, canted-nozzle installations

had higher afterbody aeropropulsive performance
than the 0°-canted nozzle configuration with either

the standard or long nozzle flaps. (See fig. 30(b)
or 31(b).) This improved performance was generally

due to lower aft-end drag at jet-on conditions.

The effects of varying nozzle cant angle on the to-

tal aerodynamic characteristics for the nozzles with

both the standard and long flaps for symmetric and

differential pitch deflections of 20 ° are presented in

figures 32 to 34. Thrust-removed aerodynamic char-

acteristics for these same configurations are given

in figures 35 to 37. The basic data presentation is
similar to the format described for thrust vector-

ing. These results, along with those for the other

pitch-vector angles, are summarized as a function of

pitch-deflection angle in figures 38 to 43 at the op-

erating NPR for each Maeh number. Although dis-

cussion of the results at this particular schedule of

nozzle pressure ratio would generally be applicable

for other schedules, the relative differences between

comparisons may vary.

The variation of drag-minus-thrust coefficient, to-

tal lift coefficient, and pitching-moment coefficient

with pitch-vector angle is summarized in figures 38

and 39 for the nozzles with the standard and long

flaps, respectively. These results show that both lift

and pitching-moment coefficients vary nearly linearly

with pitch thrust-vector angle. As expected, there is

a decrease in the magnitude of CL and Cm as cant

angle increases, since resultant pitch-vector angle de-

creases with increasing cant angle. Figure 39 shows

that similar results were obtained for the configura-
tions with the long nozzle flaps.



The variationsof the total lateralaerodynamic
characteristicswith differentialpitch-vectorangles
arepresentedin figure40for theconfigurationwith
the standardnozzleflaps. Similar to symmetric
pitch-vectoringresultson longitudinalcharacteris-
tics with varyinggeometricpitch-vectorangle,the
variationof the lateralcharacteristicsis nearlylin-
earwith differentialpitch-vectorangle. Side-force
andyawing-momentcoefficientsincreasein magni-
tudewith increasingcantangle,sinceresultantyaw-
vectorangleincreases.(Seefig. 13.) Maximumval-
uesof rollingmomentareobtainedfor the 0°-cant
configuration,becausethe rolling-momentarmde-
creaseswith increasingcantangle.

Effects of nozzle flap length. The effects of

varying nozzle flap length on the afterbody aero-

propulsive characteristics are presented in figures 44
and 45 and are summarized in figures 48 and 49. The

configurations with the long flaps at both 0 = 0°

and 30 ° generally had lower afterbody aeropropul-

sive performance (F - D/Fi) than those with the
standard flaps, except for the unvectored configura-

tions at M > 0.90. (See figs. 48(a) and 49(a).) This

inferior performance for the long-flap installations re-
flects the low static-thrust characteristics discussed

previously and shown in figure 16. The unvectored

long-flap configurations have lower aft-end drag than
the standard flap installations at both jet-off and jet-

on conditions (figs. 48(a) and 49(a)). The lower aft-

end drag at _v,p = 0° probably results from lower
nozzle boattail drag. For the pitch-vectored configu-

rations, however, aft-end drag is significantly higher

for the long-flap nozzles than for the standard nozzles

(figs. 48(b) and 49(b)). For this case, the increase in
drag probably results from higher boattail drag (the

long flap extends farther into the free-stream flow
than the standard flap). As a result, afterbody aero-

propulsive performance for the pitch-vectored, long-
flap nozzles is significantly lower than that for the

configurations with the standard flaps.

The effects of varying nozzle flap length on the to-

tal aerodynamic characteristics for the 30°-cant con-

figuration at a pitch-vector angle of 20 ° are presented

in figure 46. Thrust-removed aerodynamic character-
istics are given in figure 47. These results, along with
those for the 0 ° pitch-vector angle, are summarized

in figures 50 to 53.

Comparisons of drag-minus-thrust, total lift, and

pitching-moment coefficients for the standard-flap
and long-flap nozzle configurations for the 0°- and
30O_cant installations are presented in figures 50

and 51, respectively. At 20 ° pitch vectoring, lift

coefficients and the resulting pitching-moment co-

efficients for the long-flap nozzle configurations are

higher, sometimes significantly, than for the config-
urations with the standard nozzle flaps. Lift coef-

ficients for the long-flap nozzles were about 60 to

85 percent greater than lift coefficients for standard

flaps at Mach numbers from 0.60 to 1.20. These noz-
zles had nearly the same jet normal force. Thus, this

increase in lift exists essentially because the long-

flap configurations have much higher induced lift.

(Compare tables 34 and 36.) Typically, thrust vec-
toring reduces the recompression of the flow on the

afterbody/nozzle upper surface while increasing pres-
sures on the lower surface; this combination gener-

ally results in the generation of induced lift. Ap-

parently, the higher induced lift is achieved on the

long-flap configurations because these pressures have

a larger projected area to work against. At these
conditions, the long-flap nozzle configurations have

lower thrust-minus-drag characteristics, which were

discussed previously.

Control-Power Characteristics

An assessment of the multiaxis control-power

characteristics from thrust vectoring is made from

comparisons of the effectiveness of the various pow-
ered and aerodynamic control effectors available from

this model and other configurations. The various lon-

gitudinal and directional control-power parameters
that result from thrust vectoring at _ = 0° are pre-

sented in figures 54 and 55, respectively. These pa-
rameters at a constant Mach number are essentially

only a function of nozzle pressure ratio, because the
increments in aerodynamic coefficient that resulted

from thrust vectoring were independent of angle of

attack. (See section entitled "Effects of thrust vec-

toring".) The decrease in control power that occurs
as Mach number increases is the result of a decrease

in thrust coefficient (at constant NPR). The decrease

in thrust is caused primarily by the decrease in free-

stream pressure as the Mach number increases and,
to a lesser extent, by the effects of free-stream dy-

namic pressure.

Longitudinal control. Longitudinal control

power Cm6 from powered and aerodynamic controls
is presented in figure 56 as a function of Mach num-
ber at _ = 0°. Longitudinal control power from pitch

vectoring was obtained for each Mach number shown

at a typical operating pressure ratio. In addition to

longitudinal control power from the current investi-

gation, values of Cm_v from pitch-vectoring 2-D C-D

nozzles on a transonic fighter model (ref. 11) and

a supersonic fighter model (ref. 13) are also shown.

Longitudinal control power generated by a horizon-
tal tail for the transonic fighter model (ref. 11) and
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theF-15aircraft(ref.6)andbyacanardfor thesu-
personiccruisefighter(ref. 13) is alsopresentedin
figure56. Symbolsareusedto distinguishlongitu-
dinalcontrolpowerfromthrustvectoring,andlines
areusedto denoteaerodynamiccontrols.

At lowspeeds,pitchvectoringforthecurrentcon-
figurationprovidedthesamelevelofcontrolpoweras
theaerodynamiccontrols.Forthetransonicfighter
modelof reference11, longitudinalcontrolpower
frompitchvectoringwasabout3.4timesgreaterthan
that providedbythehorizontaltail. Thedecreasein
magnitudeof the poweredcontrolswith increasing
Machnumberiscausedbythedecreasein thrustdis-
cussedpreviously.Becauseaerodynamiccontrolsare
usuallysizedforlowspeeds,theyaregenerallymore
effectivethannecessaryat highspeeds.Thrustvec-
toring couldbeusedto augmentthecontrolpower
providedbytheaerodynamiccontrols,particularlyat
lowspeeds.However,themainadvantageofpowered
controlswill beat highanglesof attack.According
to references11and13, longitudinalcontrolpower
from thrust vectoringis not dependentuponangle
of attack,whereascontrolpowerfromaerodynamic
controlsusuallydecreaseswith increasingangleof
attack.

Directional control. A comparison, at a = 0°,

of directional control power Cn_ from powered and
aerodynamic controls is presented in figure 57. Direc-

tional control was obtained from thrust by deflecting
nozzle sidewall flaps in references 13 and 15 and from

post-exit vanes in reference 15. Directional control
generated by the F-15 aircraft rudder is also shown

in figure 57. The level of directional control from tile

rudder is typical for this type of control. (See ref. 13.)

Directional control from thrust vectoring exhib-
ited similar characteristics with Mach number as

those previously noted for longitudinal control power
from thrust vectoring. At low speeds, directional

control power from thrust vectoring was greater than

that provided by the aerodynamic control. In fact,
Cn_ from thrust vectoring was even greater than the

rudder at NPR = 2.0 for the 30°-cant configuration

(fig. 55(a)). Directional control provided by the rud-

der was greater than control provided by thrust vec-

toring at M > 0.50. These aerodynamic controls are
also generally sized for low-speed operations.

Conclusions

An investigation has been conducted in the

Langley 16-Foot Transonic Tunnel to determine

the multiaxis thrust-vectoring capability of canted
two-dimensional convergent-divergent exhaust noz-

zles installed on a twin-jet afterbody model. Pitch
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vectoring was accomplished by deflection of the noz-

zle upper and lower divergent flaps. Several combi-

nations of symmetric and differential pitch-deflection

angles were tested at nozzle cant angles of 0°, 30 °,

and 45 ° . The effect of varying nozzle divergent flap
length was also studied. This investigation was con-

ducted at Mach numbers from 0.20 to 1.20, at angles

of attack from 0 ° to 27.5 °, at nozzle pressure ratios up

to 8.0, and at sideslip angles of 0° and 5°. An analy-
sis of the results indicates the following conclusions:

1. At static conditions, resultant pitch-vector angles

were always greater than the geometric angle for
symmetrical pitch vectoring. This resulted froln

the overturning of the nozzle flow in pitch.

2. Differential pitch vectoring for the canted nozzle

configurations produced resultant yaw angles that

were always greater than the geometric angles.
This also resulted froln tile overturning of the
pitch-vectored flow.

3. The effects of symmetric pitch vectoring on the
longitudinal aerodynamic characteristics followed

expected trends. The magnitude of both lift and
pitching-moment coefficients increased with in-

creasing nozzle pressure ratio and/or nozzle de-
flection angle. Similar effects were obtained for

the lateral aerodynamic characteristics from dif-
ferential pitch vectoring.

4. Symmetric and differential pitch vectoring pro-
duced force and moment increments which re-

mained essentially constant over the entire angle-
of-attack range for all Maeh numbers tested.

5. Lift and pitching moment decreased with increas-

ing nozzle cant angle for symmetric pitch vector-

ing. For differential pitch vectoring, side force and

yawing moment increased with increasing nozzle
cant angle.

6. Afterbody acropropulsivc performance for the un-

vectored 30°-cant installation was equal to or bet-
ter than the performance for the 0°-cant instal-

lation, regardless of the nozzle flap length. This
higher performance resulted from the 30°-cant in-

stallations having lower aft-end drag at power-on
conditions.

7. The configurations with the long nozzle flaps
generally had lower aft-end drag when unvec-

tored, and significantly higher aft-end drag when
vectored.

8. The vectored long-flap nozzle configurations had

60 to 85 percent higher jet-induced lift than the

configurations with the standard flaps.

NASA Langley Research Center
Hampton, VA 23665-5225

January 30, 1991
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Table 1. Continued

(a) Concluded

x, in. y, in.
45.000 0.000

3.500

4.000

4.366

4.500

4.500

4.366

4.000

i 3.500
.000

z, in.

-2.500

-2.500

-2.366

-2.000

- 1.500

1.500

2.000

2.366

2.500

2.500

x, in.
48.200

y, in.
0.000

3.500

4.000

4.366

4.500

4.500

4.366

4.000

3.500

.000

z, in.

-2.500

-2.500

-2.366

-2.000

-1.500

1.500

2.000

2.366

2.500

2.500
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Table1. Continued

(b) Transitionsectionwith 0 = 0°

x, in. y, in.

49.200

50.200

0.000

.250

.500

.750

1.000

1.250

2.500

3.500

3.850

4.100

4.300

4.450

4.550

4.600

4.650

4.650

4.600

4.550

4.450

4.300

4.100

3.850

3.500

2.500

1.250

1.000

.750

.500

.250

.000

0.000

.250

.500

.750

1.000

1.125

2.500

3.600

3.900

4.200

4.350

4.500

4.600

4.700

4.750

Z_ in.

-2.400

-2.350

-2.250

-2.100

-1.850

-1.500

-1.230

-.750

.750

1.230

1.500

1.850

2.100

2.250

2.350

2.400

-2.200

-2.220

-2.223

-2.250

-2.270

-2.300

-2.300

-2.300

-2.250

-2.150

-2.050

-1.900

-1.680

-1.300

-.850

x, in.
50.200

1

51.200

!

y, in. z, in.
4.750 O.85O

4.700 1.300

4.600 1.680

4.500 1.900

4.350 2.050

4.20O 2.150

3.900 2.250

3.600 2.300

2.500 2.300

1.250 2.300

1.000 2.270

.750 2.250

.500 2.230

.250 2.220

.000 2.220

0.000 -2.000

.250 -2.030

.500 -2.05O

.750 -2.100

1.000 -2.150
1.250 -2.220

2.500

3.500

4.150 --

4.200 -2.100

4.350 -2.000

4.550 -1.850

4.650 -1.650

4.700 -1.450

4.800 -.750

4.800 .750

4.700 1.450

4.650 1.650

4.550 1.850

4.350 2.000

4.200 2.100

4.150 2.200

3.500

2.500

1.250 -,

1.000 2.150

.750 2.100

.500 2.050

.250 2.030

.000 2.0OO
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Table1. Continued

(b) Continued

x, in.
53.200

54.200

y, in.
0.000

.250

.500

.750

1.000

1.250

2.500

3.500

4.050

4.250

4.400

4.550

4.700

4.800

4.900

4.900

4.800
4.700

4.550

4.400

4.250

4.050

3.500

2.500

1.250

1.000

.750

.500

.250

.000

0.000

.250

.500

.750
1.000

1.250

2.500

3.500

4.200

4.400

4.550

4.650

4.750

4.850

4.950

z, in.
-1.600

-1.650

-1.750

-1.850

-1.950

-2.000

-1.930

-1.800

-1.630

-1.350

-1.050
-.500

.500

1.050

1.350

1.630

1.800

1.930

2.000

1.950

1.850

1.750

1.650

1.600

-1.400

-1.400

-1.580

-1.850

-1.950

-1.850

-1.700

-1.550

-1.300

-1.000

-.500

x, in.
54.200 4.950

4.850

4.750

4.650

4.550

4.400

4.200

3.500

2.500

1.250

1.000

.750

.500

.250
J .ooo

y, in. z, in.
0.500

1.000

1.300

1.550

1.700

1.850

1.950

1.850

1.580

1.400

1.400

55.200

!
0.000

.250

.500

.750

1.000

1.250

2.500

3.500

4.300

4.50O

4.650

4.750

4.900

4.950

5.0OO

5.000

4.950

4.900

4.750

4.650

4.500

4.300

3.500

2.500

1.250

1.000

.750

.500

.250

.000

-1.200

-1.200

-1.400

-1.730

-1.900

-1.880

-1.800

-1.650

-1.300

-1.050

-.700

.700

1.050

1.300

1.650

1.800

1.880

1.900
i
I
I

1.730

1.400

1.200

1.200

18



C_
©

©

_L



Table 1. Continued

(c) Transition section with O = 30 °

x, in.
48.700

I

49.200

f

y, in.
0.000

.452

.904

1.356

1.808

2.260

2.712

3.163

3.500

4.000

4.366

4.500

4.336

4.000

3.500

3.164

2.712

2.260

1.808

1.356

.904

.452

.000

0.000

.452

.904

1.356

1.808

2.260

2.712

3.163

3.500

4.000

4.366

4.500

z, in.
-2.500

-2.366

-2.000

- 1.500

- 1.089

-.637

-.186

.266

.718

1.170

1.500

2.000

2.366

2.500

-2.500

-2.366

-2.000

- 1.500

- 1.089

-.637

-.186

x, in.
49.200

50.200

y_ in.

4.500
!

4.336

4.000

3.500

3.164

2.712

2.260

1.808

1.356

.904

.452

.000

0.000

.450

.900

1.350

1.774

2.213

2.662

3.112

3.561

3.973

4.244

4.366

4.497

4.520

4.624

4.536

4.530

4.535

4.493

4.291

4.007

3.591

3.150

2.701

2.251

1.801

1.350

.900

.450

.000

z, in.

0.266

.718

1.170

1.500

2.000

2.366

2.500

-2.376

-2.383

-2.384

-2.395

-2.533

-2.449

-2.434

-2.428

-2.392

-2.223

-1.871

-1.438

-1.010

-.561

-.126

.315

.765

1.215

1.662

2.061

2.409

2.534

2.445

2.413

2.403

2.404

2.401

2.398

2.394

2.390
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Table1. Continued

(c) Continued

x, in.

50.700

51.200
i

y, in.
0.000

.451

.903

1.349

1.753

2.190

2.631

3.083

3.532

3.944

4.218

4.344

4.507

4.540

4.706

4.556

4.533

4.539

4.495

4.281

4.000

3.588

3.153

2.708

2.257

1.805

1.354

.903

.451

.000

0.000

.454

.908

1.358

1.711

2.150

2.579

3.033

3.485

3.898

4.172

4.348

4.513

4.595

4.791

z, in.
-2.305

-2.313

-2.312

-2.338

-2.537

-2.444

-2.375

-2.375

-2.336

-2.161

-1.810

-1.377

-.968

-.519

-.109

.316

.766

1.217

1.664

2.061

2.413

2.548

2.428

2.36O

2.352

2.347

2.343

2.336

2.332

2.332

-2.230

-2.236

-2.236

-2.269

-2.540

-2.462

-2.320

-2.313

-2.272

-2.092

-1.737

-1.327

-.928

-.492

-.103

x, in.
51.200

52.200

i

.L

y, in.
4.604

4.537

4.545

4.496

4.274

3.999

3.594

3.164

2.723

2.270

1.816

1.362

.908

.454

.000

0.000

.461

.921

1.342

1.634

2.081

2.496

2.930

3.387

3.797

4.070

4.429

4.511

4.8O8

4.935

4.723

4.551

4.558

4.494

4.260

3.992

3.597

3.178

2.754

2.303

1.842

1.382

.921

.461

.000

z, in.
0.310

.754

1.208

1.657

2.O52

2.412

2.563

2.419

2.313

2.287

2.283

2.277

2.270

2.260

2.253

-2.068

-2.070

-2.072

-2.199

-2.550

-2.512

-2.313

-2.168

-2.110

-1.908

-1.539

-1.258

-.817

-.496

-.089

.319

.741

1.202

1.655

2.051

2.426

2.597

2.408

2.228

2.140

2.124

2.119

2.112

2.101

2.092
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Table1. Continued

(c) Continued

x, in. y, in.
53.200 0.000

.471

.942

1.308

1.569

2.008

2.432

2.851

3.287
3.699

4.080

4.466

4.596

4.999

5.089

4.865

4.625

4.567

4.507

4.271

4.004

3.612

3.187

2.778

2.345

! 1.883

1.412

.942

.471

-, .000

54.200 0.000

.484

.968

1.277

1.521

1.937

2.374

2.801

3.229

3.655

4.079

4.467

4.731

5.153

,, 5.252

z, in.

- 1.885

- 1.886

- 1.893

-2.138

-2.529

-2.567

-2.362

-2.147

-1.971

-1.752

- 1.476

-1.213

-.779

-.537
-.112

.302

.707

1.169

1.632

2.039

2.427

2.630

2.432

2.198

2.016

1.932

1.923

1.918

1.911

1.910

- 1.695

- 1.694

-1.710

-2.063

-2.481

-2.622

-2.414

-2.187

- 1.959

-1.731

- 1.497

-1.223

-.856

-.620

-.176

x, in.
54.200

55.200

y, in.
5.032

4.778

4.583

4.522

4.292

4.028

3.644

3.201

2.783

2.369

1.929

1.452

.968

.484

.000

0.000

.496

.972

1.231

1.467

1.843

2.292

2.729

3.165

3.602

4.038

4.442

4.810

5.243

5.383

5.173

4.922

4.666

4.523

4.294

4.026

3.653

3.200

2.775

2.356

1.934

1.482

.992

.496

.000

z, in.
0.255

.667

1.104

1.582

2.008

2.414

2.657

2.469

2.224

1.973

1.772

1.T00

1.687

1.680

1.677

- 1.472

-1.474

- 1.559

-1.980

-2.416

-2.666

-2.460

-2.227

- 1.990

- 1.756

-1.520

-1.243

-.941

-.702

-.259

.189

.617

1.041

1.513

1.952

2.369

2.660

2.470

2.214

1.950

1.690

1.489

1.422

1.412

1.414
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Table1. Continued

(c)Concluded

x, in. y, in. z, in.

56.200 0.000

.505

.929

1.169

1.405

1.735

2.201

2.647

3.091

3.536

3.980

4.406

4.830

5.270

5.464

5.255

5.001

4.745

4.520

4.282

4.012

3.635
3.179

2.750

2.325

1.900

1.469

1.005

.504

.000

-1.221

-1.228

-1.432

- 1.876

-2.323

-2.679

-2.499

-2.262

-2.021

-1.781

-1.540

- 1.272

-1.007

-.759

-.330

.128

.564

1.000

1.452

1.897

2.324

2.628

2.431

2.164

1.891

1.618

1.356

1.159

1.095
1.074

x, in. y, in. z, in.
57.820 0.000

.500

.700

1.100

1.350

1.650

1.850

2.500

3.000

3.500

4.000

4.500

5.250

5.400

5.500

5.450

5.250

4.700

4.500

4.200

3.900

3.700

3.350

2.500

2.200

1.800

1.300

.700

.500

.000

- 1.000

- 1.000

-1.100

- 1.800

-2.300

-2.620

-2.650

-2.330

-2.050

- 1.770

- 1.500

- 1.200

-.800

-.650

-.450

-.250

.070

.950

1.350

1.880

2.400

2.550

2.500

1.950

1.780

1.550

1.250

.900

.820

.700
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Table1. Continued

(d) Transitionsectionwith 8 = 45 °

x, in. I y, in.
48.700 1 0.000

.500

.900

1.350

1.800

2.200

2.700

3.150

3.500

4.000

4.400

4.530

4.550

4.530

4.400

4.000

3.500

3.150

2.700

2.200

1.750

1.350

.900

.500

,- .000

49.200 0.000

.500

.900

1.350

1.750

2.200

2.700

3.150

3.500

4.000

4.400

4.500

4.550

4.550

, 4.580

z, in.

-2.440

-2.400

-2.000

- 1.500

- 1.000

-.750

-.250

.250

.750

1.000

1.400

1.950

2.400

2.460

2.460

2.450

2.440

2.430

-2.430

t
-2.450

-2.430

-2.300

-2.000

- 1.500

- 1.000

-.750

-.250

x, in. y, in. I z, in.
49.200 1

50.200

4.580

4.580

4.550

4.500

4.400

4.000

3.500

3.150

2.700

2.200

1.750

1.350

.900

.500

.000

0.000

.500

.900

1.350

1.750

2.200

2.650

3.100

3.500

4.000

4.250

4.400

4.500

4.580

4.600

4.600

4.580

4.500

4.400

4.250

4.000

3.500

3.100

2.650

2.200

1.750

1.350

.900

.500

.000

0.250

.750

1.000

1.500

2.000

2.350

2.430

2.430

2.420

2.400

-2.350

-2.400

-2.450

-2.450

-2.400

-2.150

-1.900

-1.650

-1.250

-1.000

-.250

.250

1.000

1.530

1.850

2.100

2.330

2.480

2.500

2.430

2.300
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Table1. Concluded

(d) Concluded

x, in.
51.200

54.200

y, in.
0.000

.500

.900

1.350

1.750

2.200

2.600

3.100

3.500

4.000

4.250

4.600

4.700

4.830

4.830

4.800

4.650

4.500

4.350

4.250

4.000

3.500

3.150

2.600

2.220

1.750

1.350

.900

.500

.000

0.000

.500

.900

1.400

1.750

2.250

2.750

3.050

3.500

4.000

4.250

4.450

4.650

4.870

4.980

z, in.
-2.200

-2.300

-2.350

-2.350

-2.250

-2.070

-1.850

-1.500

-1.230

-.750

-.250

.250

1.000

1.500

1.800

1.980

2.250

2.500

2.550

2.380

2.230

2.200

-1.700

-1.700

-1.700

-1.800

-2.050

-2.500

-2.700

-2.650

-2.350

-1.730

-1.300

-1.000

-.750

-.250

.000

x, in.
54.200

57.820

y, in.
5.030

5.000

4.750

4.500

4.250

4.000

3.500

3.000

2.700

2.200

1.750

1.350

.900

.500

.000

0.000

.500

.900

1.350

1.750

2.250

2.500

2.900

3.500

4.000

4.350

4.450

5.100

5.400

5.500

5.500

5.400

5.100

4.700

4.350

4.00O

3.500

3.000

2.700

2.200

1.750

1.350

.900

.500

.000

z, in.
0.250

.650

1.000

1.330

1.650

1.950

2.500

2.730

2.550

2.050

1.750

1.700

-0.950

-.950

-1.200

-1.700

-2.100

-2.630

-2.750

-2.55O

-1.950

-1.450

-1.080

-1.000

-.433

.000

.150

.350

.530

.850

1.250

1.650

2.0O0

2.530

2.730

2.550

2.100

1.630

1.250

.950

.930

.930
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Table2. NozzleCoordinates

(a)Standardflap

6v,p = 0° 6v,p = 10 ° 6v,p = 20 ° _v,p = 30 °

x, in. y, in. x, in. [ y, in. x, in. y, in. x, in. y, in.

Upper flap

57.82

58.32

58.82

59.32

59.82

60.32

60.82

61.32
61.72

1.85
1.73

1.60

1.46

1.31

1.15

.98

.80

.62

57.82

58.32

58.82

59.32
59.82

60.32

60.82

61.05

61.70

1.85

1.69

1.32

1.29

1.07
.84

.58

.45

.12

57.82

58.32

58.82

59.32

59.82

60.32

60.82
60.90

61.56

1.85
1.62

1.37

1.10

.82

.51

.21

.13

-.33

57.82

58.32

58.82

59.32
59.82

60.32

60.72

61.40

1.85

1.55

1.25

.92

.57

.51

-.15

-.73

Lower flap

57.82

58.32

58.82

59.32

59.82

60.32
60.82

61.32

61.72

1.85

1.73

1.60

1.46

1.31

1.15

.98

.80

.62

57.82

58.32

58.82

59.32

59.82

60.32

60.82

61.27
61.72

1.85

1.82
1.75

1.69

1.60

1.50

1.39

1.27

1.14

57.82

58.32

58.82

59.32

59.82
60.32

60.82

61.33

61.73

1.85

1.89

1.90

1.91

1.90

1.88
1.85

1.78

1.74

57.82

58.32

58.82

59.32

59.82

60.32

60.82

61.28

61.61

1.85

1.97

2.07

2.15

2.22

2.28
2.33

2.36

2.37
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Table2. Continued

(b)Longflap

6v,p = 0 °

x, in. y, in. x, in.

Upper flap

57.82

58.32

58.82

59.32

59.82

60.32

60.82

61.32

61.82

62.32
62.82

63.32

63.64

1.85

1.77

1.68

1.60
1.50

1.39

1.29

1.19

1.08

.96

.84

.72

.64

57.82

58.32

58.82

59.32

59.82

60.32

60.82

61.32

61.82

62.32

62.82

t 63.3263.43

6v,p = 20 °

y, ln.

1.85

1.64

1.42

1.20
.96

.72

.47

.24

-.03

- .24

-.55

-.83

-.91

Lower flap

6v,p = 0°
57.82

58.32

58.82

59.32

59.82

60.32

60.82

61.32

61.82

62.32

62.82

63.32
61.64

1.85

1.77

1.68

1.60

1.50
1.39

1.29

1.19

1.08

.96

.84

.72

.64

6v,p = 10°
57.82 1.85

58.32 1.92

58.82 1.98

59.32 2.04

59.82 2.10

60.32 2.14

60.82 2.19

61.32 2.25
61.82 2.28

62.32 2.34

62.82 2.35

63.32 2.37

63.74 2.38
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Table2. Concluded

(c) Sidewall

x, in.
57.82

58.32

58.82

59.32

59.82

60.32

60.82
61.15

Standard flap

y, in. z, in.
1.85
1.82

1.74

1.63

1.50

1.34

1.17

1.03

0.50

.49

.46

.41

.34

.26

.18
.10

Long flap
x, in.
57.82

58.32

58.82

59.32

59.82

60.32

60.82

61.32
61.82

62.32

62.66

y, in.
1.85

1.80

1.75

1.68

1.62

1.54

1.44

1.34

1.23
1.11

1.03

z, in.
0.50

.50

.50

.49

.46

.43

.40

.34

.28

.18

.10
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Table 4. Static Aerodynamic Characteristics for Standard Nozzle With 0 = 0° and 3 = 0 °

(a) _,p,l = 0°; 5v,v,r = 0°

NPR WP,4¢I FJ/FI FR/FI DELTAP DEL_kY CFJ CFN CM CFS CYAW CI_OLL

1.50 1.0020 0.8834 0.8844 2.2270 1.5000 0.0077 0.0003 0.0001 0.0002 0.0000 0.0000
1.99 0.9680 0.9406 0.9407 0.5284 0.7000 0.0140 0.0001 0.0001 0.0002 0.0000 0.0000
2.50 0.9692 0.9684 0.9685 -0.1597 0.3000 0.0205 0.0000 0.0002 0.0001 0.0000 0.0000
3.01 0.9676 0.9773 0.9774 -0.4160 -0.2000 0.0270 -0.0002 0.0003 -0.0001 0.0000 0.0000
3.51 0.9639 0.9866 0.9866 -0.5700 -0.4000 0.0335 -0.0003 0.0002 -0.0002 -0.0001 0.0000
4.01 0.9722 0.9872 0.9873 -0.7608 -0.4000 0.0402 -0.0005 0.0004 -0.0003 -0.0001 0.0000
4.48 0.9699 0.9825 0.9826 -0.8478 -0.3000 0.0460 -0.0006 0.0003 -0.0002 -0.0001 0.0000
5.03 0.9709 0.9801 0.9801 -0.5077 -0.2000 0.0531 -0.0004 0.0004 -0.0002 -0.0001 0.0000
5.48 0.9725 0.9764 0.9765 -0.3807 -0.2000 0.0589 -0.0003 0.0005 -0.0002 -0.0001 0.0000

NFR wp/wl

(b) 8v,p, l = 10°; 6v,p,r = 10 °

FJ/FI FR/FI DEL_%P DELTAY CFJ CFN CM CFS CYAW CROLL

1.51 0.9680 0.8438 0.8640 12.4200 0.3000 0.0071 0.0016 -0.0014 0.0000 0.0000 0.0000
2.01 0.9377 0.9108 0.9402 14.3500 0.1000 0.0132 0.0034 -0.0031 0.0000 0.0000 0.0000
2.49 0.9354 0.9355 0.9521 10.6900 0.i000 0.0189 0.0035 -0.0034 0.0000 0.0000 0.0000
3.01 0.9314 0.9499 0.9698 11.6200 0.0000 0.0251 0.0051 -0.0049 0.0000 0.0000 0.0000
3.51 0.9376 0.9614 0.9833 12.1000 0.I000 0.0315 0.0067 -0.0060 0.0000 0.0000 0.0000
4.01 0.9402 0.9676 0.9878 11.6000 0.6000 0.0378 0.0077 -0.0068 0.0004 0.0000 0.0000
4.50 0.9398 0.9678 0.9867 11.2200 0.6000 0.0437 0.0085 -0.0076 0.0005 0.0001 0.0000
4.99 0.9392 0.9668 0.9842 10.7800 0.6000 0.0498 0.0093 -0.0083 0.0005 0.0001 0.0000
5.49 0.9424 0.9662 0.9832 10.6700 0.5000 0.0562 0.0104 -0.0090 0.0005 0.0001 0.0001

NPR wv/wI

(c) 8v,p,l = 20°; 6v,p,,- = 20 °

FJ/FI FR/FI DEL_%P DELTAY CFJ CFN CM CFS CRDLL

1.50 0.9482 0.7955 0.8942 27.1300 -2.0000 0.0061 0.0031 -0.0024 -0.0002 0.0000 0.0000
1.99 0.9437 0.8264 0.9387 28.3100 -i.0000 0.0113 0.0061 -0.0049 -0.0002 0.0000 0.0000
2.48 0.9414 0.8718 0.9667 25.5900 -0.5000 0.0168 0.0080 -0.0068 -0.0001 0.0000 0.0000
3.00 0.9399 0.8855 0.9705 24.1600 -0.3000 0.0223 0.0099 -0.0084 -0.0001 0.0001 0.0001
3.51 0.9395 0.9007 0.9867 24.0900 0.4000 0.0281 0.0124 -0.0102 0.0002 0.0001 0.0000
4.00 0.9404 0.9105 0.9898 23.0900 0.4000 0.0337 0.0142 -0.0118 0.0002 0.0001 0.0001
4.50 0.9416 0.9168 0.9911 22.3300 0.3000 0.0395 0.0159 -0.0133 0.0002 0.0001 0.0001
4.99 0.9413 0.9255 0.9951 21.5600 0.3000 0.0454 0.0176 -0.0148 0.0002 0.0001 0.0000
5.49 0.9423 0.9280 0.9942 21.0200 0.3000 0.0514 0.0193 -0.0161 0.0002 0.0001 0.0000



Table 4. Concluded

(d) 5v,p,l = -20°; _v,p,r = 200

NFR WP/WI FJ/FI FR/FI DELqI_P DEL_iY CFJ CFN (_4 CFS CYAW CROLL

1.50 0.9566 0.8053 0.8059 2.1590 0.7000 0.0062 0.0002 0.0000 0.0001 0.0000 -0.0002
1.99 0.9425 0.8289 0.8290 0.6637 0.5000 0.0113 0.0001 -0.0001 0.0001 0.0000 -0.0004
2.50 0.9412 0.8681 0.8682 0.0421 0.7000 0.0168 0.0000 0.0000 0.0002 0.0000 -0.0005
3.01 0.9416 0.8852 0.8852 0.5046 0.3000 0.0224 0.0003 0.0000 0.0001 0.0000 -0.0007
3.49 0.9408 0.9025 0.9026 0.9191 0.i000 0.0279 0.0005 0.0000 0.0000 0.0000 -0.0008
4.02 0.9396 0.9110 0.9110 0.4997 -0.2000 0.0339 0.0004 0.0000 -0.0001 0.0000 -0.0009
4.49 0.9406 0.9195 0.9195 0.2770 -0.1000 0.0394 0.0003 0.0001 -0.0001 0.0000 -0.0010
4.98 0.9432 0.9225 0.9226 0.8150 0.0000 0.0452 0.0008 0.0001 0.0000 0.0000 -0.0011

(e) 6v,p,l = 30°; ¢Sv,P, r = 300

NPR WP/WI FJ/FI FR/FI DELTAP DELqI_Y CFJ CFN C_ CFS _ CBOLL

1.51 0.8757 0.7292 0.8509 31.0100 0.3000 0.0050 0.0030 -0.0033 0.0000 0.0000 0.0000
2.00 0.9088 0.7185 0.8936 36.4800 0.i000 0.0089 0.0066 -0.0064 0.0000 0.0000 0.0000
2.49 0.9080 0.7530 0.9563 38.0600 0.2000 0.0132 0.0103 -0.0095 0.0000 0.0001 0.0000
2.98 0.9054 0.7914 0.9830 36.3800 0.2000 0.0180 0.0131 -0.0115 0.0001 0.0001 0.0000
3.52 0.9066 0.7876 0.9941 37.6000 0.8000 0.0224 0.0170 -0.0153 0.0003 0.0001 0.0000
4.01 0.9081 0.7929 1.0040 37.8600 0.9000 0.0269 0.0205 -0.0183 0.0004 0.0001 0.0000
4.50 0.9076 0.8123 0.9933 35.1300 0.8000 0.0319 0.0220 -0.0201 0.0005 0.0001 0.0001
4.98 0.9103 0.8286 0.9984 33.9000 0.7000 0.0371 0.0244 -0.0217 0.0004 0.0002 0.0001
5.49 0.9111 0.8420 0.9959 32.2700 0.6000 0.0425 0.0262 -0.0236 0.0004 0.0002 0.0001



Table 5. Static Aerodynamic Characteristics for Standard Nozzle With 0 = 30 ° and/3 = 0°

NPR wp/_

(a) 6v,p, l = 00; 6v,p,r = 0 °

FJ/FI FR/FI DEL_I_P DEL_I%Y CFJ CFN CM CFS CYAW CROLL

1.49 1.0100 0.8903 0.8917 -3.0940 1.0000 0.0076 -0.0004 0.0000 0.0001 0.0000 0.0000
1.99 0.9717 0.9473 0.9482 -2.4480 0.7000 0.0141 -0.0006 0.0001 0.0002 0.0000 0.0000
2.49 0.9660 0.9665 0.9671 -1.8760 0.3000 0.0203 -0.0007 0.0001 0.0001 0.0000 0.0000
2.98 0.9663 0.9825 0.9827 -1.0370 0.0000 0.0267 -0.0005 0.0002 0.0000 0.0000 0.0000
3.49 0.9682 0.9856 0.9857 -0.6090 -0.1000 0.0333 -0.0003 0.0002 0.0000 0.0000 0.0000
4.02 0.9680 0.9853 0.9854 -0.7723 -0.3000 0.0400 -0.0005 0.0003 -0.0002 0.0000 0.0000
4.50 0.9654 0.9838 0.9839 -0.8613 -0.3000 0.0461 -0.0007 0.0003 -0.0003 0.0000 0.0000
4.97 0.9702 0.9797 0.9798 -0.8939 -0.3000 0.0523 -0.0008 0.0004 -0.0003 0.0000 0.0000
5.41 0.9649 0.9804 0.9806 -0.9354 -0.2000 0.0578 -0.0009 0.0004 -0.0002 0.0000 0.0000

NPR wp/wi

(b) bv,p, l = 10°; _v,p,r = 10 °

FJ/FI FR/FI DEL_3%P DEL_Y CFJ CFN C_ CFS (mOLL

1.51 0.9844 0.8427 0.8572 10.5500 0.4000 0.0072 0.0013 -0.0011 0.0000 0.0000 0.0000
1.99 0.9487 0.9083 0.9270 11.5300 0.i000 0.0130 0.0026 -0.0025 0.0000 -0.0001 0.0000
2.49 0.9477 0.9359 0.9488 9.4830 -0.1000 0.0191 0.0032 -0.0028 0.0000 -0.0001 0.0000
3.00 0.9412 0.9494 0.9638 9.9170 -0.3000 0.0251 0.0043 -0.0042 -0.0001 0.0000 0.0000
3.48 0.9464 0.9614 0.9768 10.1800 -0.2000 0.0313 0.0056 -0.0051 -0.0001 0.0000 0.0000
4.00 0.9430 0.9686 0.9839 i0.ii00 -0.1000 0.0376 0.0066 -0.0058 -0.0001 0.0000 0.0000
4.52 0.9463 0.9708 0.9840 9.4120 0.I000 0.0442 0.0072 -0.0065 0.0001 0.0000 0.0000
4.96 0.9462 0.9683 0.9817 9.4650 0.2000 0.0496 0.0081 -0.0071 0.0002 0.0000 0.0000
5.50 0.9431 0.9720 0.9847 9.2150 0.4000 0.0564 0.0090 -0.0077 0.0004 0.0000 0.0000

NPR wP/wI

(c) 6v,p, l = 20°; _Sv,p,T= 20 °

FJ/FI FR/FI DEL_P DEL_f CFJ CFN C_4 CFS CYAW CRDLL

1.so 0.94240.7923o.8s_82_.s3oo0.6000o.oooIo.oo24-o.oo2_o.oooio.ooooo.oooo1.99 o.94soo.833so.9o8723.48ooo.2oooo.o114o.oo49-o.oo43o.ooooo.ooooo.oooo0.935s0.B7020.942222.ssoo0.20000.0_6_0.0069-0.00600.00010.00000.0000_:_ 0.9_7 0._ 0.9_8__._00 0._0000.0_ 0.00_ -0.00_ 0.000_0.00000.0000
3.50 0.93900.90540.967920.69000.20000.02810.0105-0.00890.00010.00000.00004.020.94110.91650.974719.89000.70000.03410.0122-0.01040.00040.00000.00004.50 0.94210.92210.977719.39000.80000.03980.0138-0.01170.00050.00000.00004.990.94180.92610.975918.37000.70000.04540.0148-0.01280.00060.00000.00005.50 0.94100.93080.979318.10000.60000.05150.0165-0.01400.00050.00000.0000



Table 5. Continued

(d) 6v,p, t = -20°; 6v,p, r ----- 20 °

NPR wP/wI FJ/n Fa/VI DEL21a,P DEL21_Y CFJ CFN CM CFS CYAW CIKXL

1.51 0.9462 0.8128 0.8398 -1.9250 14.5000 0.0064 -0.0002 0.0000 0.0017 -0.0006 -0.0002
2.01 0.9434 0.8369 0.8752 0.9344 17.0000 0.0116 0.0002 -0.0001 0.0035 -0.0012 -0.0003
2.49 0.9410 0.8857 0.9217 0.0939 16.1000 0.0171 0.0001 0.0000 0.0049 -0.0016 -0.0004
2.98 0.9383 0.8969 0.9319 -0.2796 15.8000 0.0223 0.0000 0.0001 0.0063 -0.0019 -0.0005
3.50 0.9398 0.9155 0.9477 0.9420 14.9000 0.0284 0.0006 0.0000 0.0076 -0.0023 -0.0006
3.99 0.9399 0.9229 0.9536 0.5981 14.6000 0.0340 0.0006 0.0000 0.0088 -0.0027 -0.0008
4.49 0.9422 0.9300 0.9578 0.3749 13.8000 0.0399 0.0005 0.0000 0.0098 -0.0031 -0.0008
5.01 0.9413 0.9353 0.9618 0.3807 13.5000 0.0461 0.0006 0.0000 0.0111 -0.0034 -0.0009
5.49 0.9421 0.9388 0.9632 0.7157 12.9000 0.0518 0.0011 0.0001 0.0119 -0.0037 -0.0010

(e) _v,p,l-----20°; _v,p,r = -20 °

1.50
2.00
2.50
2.99
3.49
3.98
4.47
4.99

wP/wl

0.9488
0.9404
0.9392
0.9388
0.9377
0.9377
0.9387
0.9365

FJ/rI

0.7845
0.8100
0.8628
0.8791
0.8997
0.9087
0.9180
0.9259

FR/FI DELTAP DEL2/kY CFJ CFN _ CFS CYAW CIKX_

0.8503 -22.6900 -0.3000 0.0061 -0.0025 0.0023 0.0000 0.0000 0.0000
0.8862 -23.9300 -0.4000 0.0111 -0.0049 0.0044 -0.0001 0.0000 0.0000
0.9380 -23.1000 0.i000 0.0167 -0.0071 0.0062 0.0000 -0.0001 -0.0001
0.9536 -22.7800 0.9000 0.0220 -0.0091 0.0078 0.0004 -0.0001 -0.0001
0.9653 -21.2500 0.I000 0.0278 -0.0106 0.0094 0.0001 0.0000 -0.0001
0.9729 -20.9300 0.i000 0.0334 -0.0125 0.0109 0.0000 -0.0001 -0.0001
0.9762 -19.8800 0.3000 0.0391 -0.0138 0.0122 0.0002 -0.0001 -0.0001
0.9833 -19.6800 0.2000 0.0452 -0.0158 0.0136 0.0001 -0.0001 -0.0001

&¢

wP/wI FJ/FI FR/FI DEL_P

(f) ,Sv,p,l = 0°; 5v,p,r = 20 °

DELTA CFJ CFN CM CFS Ckg_ CRDLL

1.51 0.9863 0.8463 0.8673 9.2760 8.7000 0.0072 0.0012 -0.0012 0.0011 -0.0003 -0.0001
2.03 0.9462 0.8980 0.9317 12.4800 9.4000 0.0131 0.0029 -0.0024 0.0022 -0.0006 -0.0002
2.52 0.9538 0.9244 0.9538 11.3700 8.8000 0.0190 0.0038 -0.0033 0.0029 -0.0008 -0.0002
3.01 0.9519 0.9425 0.9676 10.4600 8.1000 0.0249 0.0046 -0.0039 0.0035 -0.0010 -0.0003
3.50 0.9515 0.9527 0.9759 9.8990 7.8000 0.0309 0.0054 -0.0047 0.0043 -0.0012 -0.0003
4.00 0.9523 0.9578 0.9797 9.7160 7.4000 0.0371 0.0064 -0.0054 0.0048 -0.0013 -0.0004
4.52 0.9537 0.9614 0.9818 9.3840 7.1000 0.0435 0.0072 -0.0060 0.0054 -0.0015 -0.0004
5.03 0.9549 0.9604 0.9796 9.1010 6.9000 0.0498 0.0080 -0.0066 0.0060 -0.0017 -0.0005
5.49 0.9537 0.9612 0.9801 9.0990 6.8000 0.0555 0.0089 -0.0072 0.0066 -0.0018 -0.0006



Table 5. Concluded

(g) 6v,p,l -_ 30°; 6v,p,r ----- 30 °

NtrR wp/_ FJ/FI FK/FI DEL21_P DEL27kY CFJ CFN CM CFS CYAN CROLL

1.50 0.8859 0.7192 0.8458 31.7500 0.4000 0.0049 0.0030 -0.0028 0.0000 0.0000 0.0000
2.03 0.9164 0.7190 0.8631 33.5900 0.3000 0.0093 0.0061 -0.0057 0.0000 0.0000 0.0000
2.50 0.9104 0.7545 0.9113 34.1000 0.8000 0.0134 0.0090 -0.0082 0.0002 0.0000 0.0000
2.98 0.9117 0.7943 0.9287 31.1900 1.4000 0.0181 0.0110 -0.0100 0.0005 0.0000 0.0000
3.47 0.9110 0.7902 0.9490 33.6100 1.2000 0.0222 0.0147 -0.0129 0.0005 0.0000 0.0000
3.98 0.9110 0.7970 0.9552 33.4400 1.0000 0.0269 0.0177 -0.0156 0.0005 0.0001 0.0000
4.50 0.9118 0.8171 0.9573 31.3800 1.2000 0.0322 0.0196 -0.0173 0.0006 0.0001 0.0000
5.03 0.9104 0.8359 0.9618 29.6300 1.3000 0.0378 0.0214 -0.0188 0.0009 0.0001 0.0000
5.53 0.9109 0.8493 0.9654 28.3800 1.2000 0.0432 0.0233 -0.0203 0.0009 0.0001 0.0000

(h) dfv,p,l = -30°; t_v,p, r __-- 30 °

r_/wI FJ/_ r_VFI DELTAP DELTAY CFJ CFN C_ CFS C26a14 (ROLL

1.55 0.8838 0.7413 0.7941 -3.8830 20.7000 0.0055 -0.0004 -0.0001 0.0021 -0.0008 -0.0002
2.00 0.9016 0.7193 0.8026 1.5980 26.3000 0.0089 0.0003 -0.0001 0.0044 -0.0014 -0.0004
2.52 0.9000 0.7632 0.8514 0.4118 26.3000 0.0135 0.0002 -0.0001 0.0067 -0.0021 -0.0006
3.00 0.9088 0.8029 0.8813 0.0160 24.4000 0.0185 0.0001 -0.0001 0.0084 -0.0026 -0.0007
3.49 0.9085 0.7996 0.8808 0.4005 24.8000 0.0226 0.0003 0.0000 0.0104 -0.0034 -0.0009
3.98 0.9074 0.8085 0.8894 0.9224 24.6000 0.0271 0.0007 -0.0001 0.0124 -0.0040 -0.0011
4.50 0.9084 0.8257 0.8972 0.6791 23.0000 0.0324 0.0007 0.0000 0.0138 -0.0045 -0.0012
5.01 0.9110 0.8454 0.9092 0.2683 21.6000 0.0381 0.0006 0.0000 0.0151 -0.0049 -0.0014
5.51 0.9081 0.8576 0.9166 0.1045 20.7000 0.0433 0.0006 0.0001 0.0163 -0.0053 -0.0015



Table 6. Static Aerodynamic Characteristics for Standard Nozzle With 0 = 45 ° and _ = 0°

(a) 6v,p, l = 00; 6v ,p,r = 0 °

NPR WP/WI FJ/FI FR/FI DELTAP DEL_I%Y CFJ CFN (_ CFS CYAW CROLL

1.51 1.0070 0.8998 0.9008 -2.6860 -0.2000 0.0080 -0.0004 0.0000 0.0000 0.0000 0.0000
2.04 0.9755 0.9522 0.9528 -2.0200 -0.1000 0.0149 -0.0005 0.0001 0.0000 0.0000 0.0000
2.49 0.9714 0.9681 0.9687 -1.8860 -0.2000 0.0205 -0.0007 0.0002 -0.0001 0.0000 0.0000
2.97 0.9707 0.9806 0.9812 -1.8170 -0.5000 0.0268 -0.0008 0.0003 -0.0003 0.0000 0.0000
3.47 0.9706 0.9855 0.9859 -1.6810 -0.2000 0.0333 -0.0010 0.0003 -0.0001 0.0000 0.0000
3.99 0.9711 0.9848 0.9851 -1.2160 -0.3000 0.0399 -0.0008 0.0004 -0.0002 0.0000 0.0000
4.54 0.9705 0.9808 0.9809 -0.9528 -0.2000 0.0468 -0.0008 0.0004 -0.0002 0.0000 0.0000
4.99 0.9718 0.9781 0.9783 -0.9064 -0.1000 0.0526 -0.0009 0.0005 -0.0001 0.0000 0.0000
5.49 0.9709 0.9765 0.9766 -0.8768 -0.2000 0.0591 -0.0009 0.0005 -0.0002 0.0000 0.0000

(b) 6v,p,l = 200; _Sv,p,r = 20°

NPR WP/WI FJ/FI FR/FI DEL_AP DELTAY CFJ CFN (3_ CFS CYAW CI_3LL

1.51 0.9435 0.8078 0.8447 17.0100 -0.2000 0.0064 0.0019 -0.0018 0.0000 0.0000 0.0000
2.01 0.9349 0.8400 0.8943 20.0600 0.1000 0.0116 0.0042 -0.0036 0.0000 -0.0001 0.0000
2.53 0.9385 0.8771 0.9277 19.0000 0.1000 0.0174 0.0060 -0.0051 0.0000 -0.0001 0.0000
3.00 0.9383 0.8921 0.9345 17.3200 0.0000 0.0225 0.0070 -0.0062 0.0000 0.0000 0.0000
3.50 0.9397 0.9087 0.9509 17.1000 1.0000 0.0283 0.0086 -0.0074 0.0005 -0.0001 0.0000
3.99 0.9396 0.9193 0.9566 16.0300 0.7000 0.0341 0.0097 -0.0086 0.0004 -0.0001 0.0000
4.53 0.9423 0.9257 0.9616 15.6900 0.7000 0.0404 0.0112 -0.0096 0.0005 -0.0001 0.0001
5.04 0.9430 0.9301 0.9621 14.8100 0.7000 0.0465 0.0121 -0.0106 0.0005 -0.0001 0.0000
5.52 0.9417 0.9345 0.9670 14.8900 0.9000 0.0522 0.0136 -0.0115 0.0008 -0.0001 0.0001

(C) 6v,p, l = --200; _v,p,r = 200

¢j1

NFR WP/WI FJ/FI FR/FI DELTAP DELTAY CFJ CFN CM CFS CYAW (:BOLL

1.49 0.9474 0.7966 0.8419 -2.3240 18.8000 0.0061 -0.0002 -0.0001 0.0021 -0.0008 -0.0001
2.00 0.9343 0.8384 0.9149 0.9136 23.6000 0.0114 0.0002 -0.0001 0.0050 -0.0016 -0.0002
2.52 0.9407 0.8897 0.9612 0.0109 22.2000 0.0175 0.0001 0.0000 0.0072 -0.0023 -0.0003
2.99 0.9403 0.8985 0.9652 -0.5463 21.4000 0.0226 -0.0001 0.0003 0.0089 -0.0029 -0.0004
3.49 0.9388 0.9163 0.9732 -0.1867 19.7000 0.0284 0.0001 0.0000 0.0102 -0.0034 -0.0005
3.98 0.9390 0.9271 0.9806 0.5957 19.0000 0.0342 0.0006 0.0000 0.0118 -0.0039 -0.0006
4.49 0.9431 0.9328 0.9823 0.2662 18.3000 0.0403 0.0005 0.0001 0.0133 -0.0044 -0.0006
5.02 0.9434 0.9375 0.9828 0.0357 17.5000 0.0467 0.0004 0.0001 0.0147 -0.0049 -0.0007
5.52 0.9417 0.9408 0.9832 0.1018 16.9000 0.0525 0.0006 0.0000 0.0159 -0.0054 -0.0008



¢n

Table 6. Concluded

(d) $v,p,l = 0°; _v,p,r = -20 °

mJ/'_ FK/FI

1.55 0.9965 0.8621 0.8865
2.03 0.9454 0.9030 0.9378
2.50 0.9550 0.9239 0.9556
2.98 0.9522 0.9420 0.9711
3.48 0.9509 0.9539 0.9800
3.98 0.9535 0.9595 0.9849
4.50 0.9560 0.9652 0.9886
5.03 0.9559 0.9644 0.9861
5.50 0.9526 0.9671 0.9873

DEL2/iP DEL2RY CFJ

9.6620 9.6000 0.0079
9.4640 12.7000 0.0131
9.0480 11.9000 0.0188
8.6880 11.2000 0.0245
8.4990 10.3000 0.0307
8.1930 10.3000 0.0369
7.9160 9.8000 0.0436
7.7600 9.3000 0.0501
7.2740 9.1000 0.0559

CFN C_i

0.0013 -0.0012
0.0022 -0.0020
0.0030 -0.0027
0.0038 -0.0032
0.0046 -0.0038
0.0053 -0.0044
0.0061 -0.0049
0.0069 -0.0054
0.0072 -0.0059

CFS £XAW CKX,L

0.0013 -0.0005 -0.0001
0.0030 -0.0009 -0.0001
0.0040 -0.0012 -0.0002
0.0049 -0.0014 -0.0002
0.0056 -0.0017 -0.0002
0.0067 -0.0020 -0.0003
0.0075 -0.0022 -0.0003
0.0082 -0.0025 -0.0004
0.0090 -0.0027 -0.0004



Table 7. Static Aerodynamic Characteristics for Long-Flap Nozzle With 0 = 0° and 13 = 0 °

(a) 5v,p, l = 00; 5v,p,r = 0 °

FJ/FI FR/FI DELTAP DEL_I_Y CFJ CFN CM CFS
CYAW CROLL

1.51 1.0220 0.9202 0.9216 -3.0680 0.6000 0.0082 -0.0004 0.0000 0.0001 0.0000 0.0000
2.01 0.9818 0.9547 0.9552 -1.9160 0.4000 0.0145 -0.0005 0.0002 0.0001 0.0000 0.0000
2.51 0.9808 0.9716 0.9716 -0.6839 0.2000 0.0208 -0.0002 0.0002 0.0001 0.0000 0.0000
3.01 0.9795 0.9793 0.9794 -0.4858 0.7000 0.0272 -0.0002 0.0003 0.0003 -0.0001 0.0000
3.51 0.9813 0.9790 0.9792 -0.6734 0.9000 0.0336 -0.0004 0.0003 0.0006 -0.0001 0.0000
4.00 0.9834 0.9775 0.9777 -0.7578 0.8000 0.0399 -0.0005 0.0004 0.0006 -0.0001 0.0000
4.51 0.9842 0.9729 0.9730 -0.1052 0.7000 0.0462 0.0000 0.0005 0.0006 -0.0001 0.0000
5.01 0.9858 0.9689 0.9690 -0.1049 0.6000 0.0527 -0.0001 0.0005 0.0006 -0.0001 0.0001
5.50 0.9878 0.9646 0.9646 -0.2738 0.7000 0.0590 -0.0002 0.0006 0.0007 -0.0001 0.0001

(b) 5v,p,l = 20°; 5v,p,r --_ 20 °

NPR wP/cqI FJ/FI FR/FI DELTAP DEL_Y CFJ CFN (_4 CFS
CYAW CROLL

1.50 1.0120 0.8496 0.9052 20.1700 0.3000 0.0068 0.0025 -0.0025 0.0000 0.0000 0.0000
1.99 0.9676 0.8759 0.9357 20.6000 0.0000 0.0119 0.0044 -0.0041 0.0000 0.0000 0.0000
2.49 0.9704 0.9138 0.9692 19.4600 0.3000 0.0176 0.0062 -0.0054 0.0001 0.0000 0.0000
2.99 0.9737 0.8968 0.9707 22.4700 1.2000 0.0225 0.0092 -0.0087 0.0005 0.0001 0.0000
3.51 0.9734 0.9025 0.9835 23.4000 0.9000 0.0281 0.0120 -0.0109 0.0004 0.0001 0.0000
4.01 0.9739 0.9041 0.9872 23.6600 0.7000 0.0336 0.0145 -0.0128 0.0004 0.0001 0.0000
4.52 0.9783 0.9038 0.9818 22.9800 0.8000 0.0393 0.0163 -0.0146 0.0005 0.0001 0.0000
4.99 0.9766 0.9036 0.9795 22.6900 0.8000 0.0444 0.0182 -0.0161 0.0006 0.0001 0.0000
5.50 0.9777 0.8822 0.9560 22.6500 0.9000 0.0489 0.0200 -0.0177 0.0007 0.0001 0.0000



Table 8. Static Aerodynamic Characteristics for Long-Flap Nozzle With 8 = 30 ° and _ = 0 °

(a) _v,p,l = 0°; 5_,p,_= 0°

NFR Wt',4qI FJ/FI FR/FI DEL_I_P DEL_LY CFJ CFN (3_ CFS CRDLL

1.52 1.0220 0.9252 0.9269 -3.0200 1.6000 0.0085 -0.0004 0.0000 0.0002 0.0000 0.0000
1.95 0.9793 0.9558 0.9568 -2.5040 0.9000 0.0139 -0.0006 0.0001 0.0002 0.0000 0.0000
2.53 0.9750 0.9630 0.9636 1.8200 -0.9000 0.0208 0.0007 0.0000 -0.0003 0.0000 0.0001
2.99 0.9797 0.9751 0.9752 -0.0574 -0.5000 0.0269 0.0000 0.0001 -0.0003 -0.0001 0.0001
3.47 0.9785 0.9743 0.9745 1.0290 -0.7000 0.0329 0.0006 0.0001 -0.0004 -0.0001 0.0001
3.99 0.9792 0.9793 0.9793 0.2953 -0.4000 0.0397 0.0002 0.0002 -0.0003 -0.0001 0.0001
4.49 0.9802 0.9743 0.9743 0.1742 -0.3000 0.0460 0.0002 0.0002 -0.0003 -0.0001 0.0001
4.98 0.9823 0.9706 0.9706 -0.0227 -0.3000 0.0523 0.0000 0.0002 -0.0002 -0.0001 0.0001
5.49 0.9812 0.9706 0.9707 -1.0190 0.I000 0.0590 -0.0010 0.0003 0.0001 -0.0001 0.0000

(b) 5v,p, l = 20°; 5v,p,r = 20 °

wP/WI FJ/FI FR/FI DEL_P DEL_kY CFJ CFN _ CFS CYAW CROLL

1.49 1.0030 0.8614 0.8877 13.9800 -0.1000 0.0067 0.0017 -0.0020 0.0000 0.0000 0.0000
2.00 0.9700 0.9022 0.9394 16.1900 0.0000 0.0123 0.0036 -0.0037 0.0000 0.0000 0.0000
2.48 0.9647 0.9209 0.9615 16.7100 -0.1000 0.0175 0.0052 -0.0047 0.0000 -0.0001 0.0000
2.99 0.9680 0.9060 0.9638 19.9300 0.2000 0.0226 0.0081 -0.0075 0.0001 0.0000 0.0000
3.51 0.9696 0.9104 0.9714 20.4200 0.i000 0.0282 0.0104 -0.0095 0.0001 0.0000 0.0000
3.99 0.9660 0.9130 0.9705 19.8200 0.i000 0.0333 0.0118 -0.0109 0.0001 0.0000 0.0000
4.50 0.9700 0.9138 0.9725 19.9900 0.2000 0.0392 0.0140 -0.0124 0.0001 0.0000 0.0000
5.01 0.9690 0.9116 0.9659 19.2900 0.3000 0.0446 0.0153 -0.0138 0.0003 0.0001 0.0001



MACH

1.199
1.201
1.202
1.202
1.201
1.200
1.201
1.200
0.901
0.902
0.900
0.900
0.901
0.899
0.901
0.901
0.900
0.900
0.901
0.898
0.899
0.900
0.900
0.799
0.801
0.802
0.803
0.803
0.802
0.599
0.601
0.600
0.600
0.600
0.600
0.600
0.600
0.600
0.598
0.598
0.600
0.599
0.599
0.599

Table 9. Aerodynamic Characteristics for Standard Nozzle With 0 = 0 °,

6v,p, l = 0°, 6v,p,r = 0°, and fl = 0°

(a) Longitudinal characteristics

ALPHA NPR CL CD-F CM CLA CDA

0.02 0.86 -0.0021 0.0220 0.0000 -0.0021 0.0220

0.02 2.00 -0.0029 0.0054 0.0008 -0.0029 0.0193

0.02 3.21 -0.0032 -0.0084 0.0011 -0.0032 0.0209

0.02 4.03 -0.0036 -0.0194 0.0012 -0.0036 0.0202

0.03 5.51 -0.0060 -0.0395 0.0017 -0.0060 0.0191

0.02 6.20 -0.0062 -0.0491 0.0017 -0.0062 0.0183

0.03 7.32 -0.0065 -0.0642 0.0022 -0.0066 0.0174

0.04 7.99 -0.0061 -0.0731 0.0022 -0.0061 0.0172

0.03 1.05 0.0034 0.0094 -0.0053 0.0034 0.0094

0.04 2.01 -0.0011 -0.0165 -0.0010 -0.0011 0.0085

0.04 3.19 -0.0020 -0.0437 0.0001 -0.0020 0.0081

0.04 4.01 -0.0027 -0.0622 0.0006 -0.0027 0.0083

0.04 5.01 -0.0032 -0.0843 0.0010 -0.0032 0.0085

0.04 5.99 -0.0036 -0.1073 0.0013 -0.0037 0.0082

0.02 6.98 -0.0044 -0.1296 0.0015 -0.0044 0.0077

0.00 1.06 0.0010 0.0092 -0.0047 0.0010 0.0092

4.02 1.04 0.0056 0.0109 -0.0072 0.0056 0.0109

7.99 1.03 0.0097 0.0137 -0.0097 0.0097 0.0137

12.04 1.02 0.0159 0.0178 -0.0129 0.0159 0.0178

0.04 5.99 -0.0038 -0.1076 0.0014 -0.0038 0.0080

4.02 5.97 0.0064 -0.1058 -0.0002 -0.0017 0.0090

8.01 5.99 0.0193 -0.1033 -0.0028 0.0032 0.0108

12.02 5.97 0.0331 -0.0990 -0.0050 0.0091 0.0134

0.02 1.06 -0.0058 0.0064 0.0008 -0.0058 0.0064

0.03 1.99 -0.0045 -0.0254 0.0007 -0.0045 0.0058

0.04 3.20 -0.0053 -0.0596 0.0011 -0.0053 0.0062

0.04 4.48 -0.0040 -0.0953 0.0015 -0.0040 0.0066

0.03 5.49 -0.0044 -0.1245 0.0017 -0.0044 0.0063

0.03 6.53 -0.0051 -0.1542 0.0018 -0.0052 0.0061

0.02 1.04 -0.0055 0.0056 0.0014 -0.0055 0.0056

0.04 2.01 -0.0072 -0.0497 0.0017 -0.0072 0.0067

0.02 3.18 -0.0052 -0.II00 0.0021 -0.0053 0.0065

0.04 4.00 -0.0058 -0.1518 0.0026 -0.0059 0.0062

0.04 4.82 -0.0063 -0.1936 0.0031 -0.0065 0.0063

0.05 5.49 -0.0066 -0.2272 0.0030 -0.0068 0.0066

0.04 6.21 -0.0048 -0.2638 0.0035 -0.0050 0.0066

0.00 1.04 -0.0057 0.0059 0.0012 -0.0057 0.0059

4.03 1.03 -0.0051 0.0062 0.0008 -0.0051 0.0062

8.02 1.03 0.0019 0.0079 -0.0023 0.0019 0.0079

12.00 1.02 0.0108 0.0104 -0.0065 0.0108 0.0104

0.03 4.76 -0.0065 -0.1896 0.0031 -0.0066 0.0070

4.03 4.80 0.0113 -0.1923 0.0014 -0.0027 0.0063

8.02 4.81 0.0331 -0.1905 -0.0022 0.0052 0.0075

12.01 4.83 0.0551 -0.1865 -0.0070 0.0133 0.0101

CMA

0.0000

0.0008

0.0011

0.0012

0.0017

0.0017

0.0022

0.0022

-0.0053

-0.0010

0.0001

0.0006

0.0010

0.0013

0.0015

-0.0047

-0.0072

-0.0097

-0.0129

0.0014

-0.0002

-0.0028

-0.0050

0.0008

0.0007

0.0011

0.0015

0.0017

0.0018

0.0014

0.0017

0.0021

0.0026

0.0031

0.0030

0.0035

0.0012

0.0008

-0.0023

-0.0065

0.0031

0.0014

-0.0022

-0.0070
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Table 9. Continued

(a) Concluded

MACH

0.202
0.203
0.201
0.201
0.201
0.202
0.203
0.201
0.202
0.202
0.202
0.202
0.202
0.202
0.202
0.203
0.203

ALPHA

0.00

0.01

0.01
0.02

0.03

0.04

0.03

0.01
4.04

8.01

12.02

14.52

0.04

4.04

8.02

12.04

14.53

NPR CL CD-F CM CLA CDA CMA

1.00 -0.0009 -0.0008 -0.0043 -0.0009 -0.0008 -0.0043
1.52 -0.0181 -0.2821 -0.0005 -0.0182 -0.0017 -0.0005
2.01 -0.0247 -0.4983 0.0035 -0.0248 0.0077 0.0035
2.59 -0.0281 -0.7553 0.0073 -0.0284 0.0124 0.0073
3.19 -0.0119 -1.0250 0.0129 -0.0124 0.0132 0.0129
4.01 -0.0192 -1.3810 0.0166 -0.0202 0.0197 0.0166
4.99 -0.0013 -1.8070 0.0199 -0.0024 0.0225 0.0199
1.01 -0.0017 -0.0002 -0.0006 -0.0017 -0.0002 -0.0006
1.00 -0.0029 0.0026 0.0006 -0.0029 0.0026 0.0006
1.00 -0.0023 0.0005 -0.0034 -0.0023 0.0005 -0.0034
1.00 0.0113 0.0033 -0.0094 0.0113 0.0033 -0.0094
1.00 0.0214 0.0063 -0.0135 0.0214 0.0063 -0.0135
3.20 -0.0135 -1.0200 0.0131 -0.0142 0.0171 0.0131
3.19 0.0591 -1.0150 0.0119 -0.0136 0.0117 0.0119
3.19 0.1304 -1.0100 0.0063 -0.0133 0.0099 0.0063
3.19 0.2248 -0.9828 -0.0005 0.0117 0.0168 -0.0005
3.19 0.2649 -0.9747 -0.0014 0.0085 0.0150 -0.0014

4O



Table 9. Continued

(b) Lateral characteristics

MACH

1.199

1.201

1.202

1.202

1.201

1.200

1.201

1.200

0.901

0.902

0.900

0.900

0.901

0.899

0.901

0.901

0,900

0.900

0.901

0.898

0.899

0.900

0.900

0.799
0.801

0.802

0.803

0.803

0.802

0.599

0.601

0.600

0.600

0.600

0.600

0.600

0.600

0.600

0.598

0.598

0.600

0.599

0.599

0.599

ALPHA NPR CR CN CY CRA CNA CYA

0.02

0.02

0.02

0.02

0.03

0.02

0.03

0.04

0.03

0.04

0.04

0.04

0.04

0.04

0.02

0.00

4.02

7.99

12.04

0.04

4.02

8.01

12.02

0.02

0.03

0.O4

O.04

0.03

0.03

0.02

0.04

0.02

0.04

0.04

0.05

0.04

0.00

4.03

8.02

12.00

0.03

4.03

8.02

12.01

0.86 -0.0001 0.0003 0.0003 -0.0001 0.0003 0.0003

2.00 -0.0001 0.0003 0.0001 -0.0001 0.0003 0.0001

3.21 -0.0001 0.0003 0.0002 -0.0001 0.0003 0.0002

4.03 0.0000 0.0002 0.0013 0.0000 0.0002 0.0013

5.51 0.0000 0.0001 0.0015 0.0000 0.0001 0.0015

6.20 0.0000 0.0001 0.0016 0.0000 0.0001 0.0016

7.32 0.0000 0.0001 0.0017 0.0000 0.0001 0.0017

7.99 0.0000 0.0001 0.0018 0.0000 0.0001 0.0018

1.05 -0.0002 0.0002 -0.0011 -0.0002 0.0002 -0.0011

2.01 -0.0001 0.0002 0.0004 -0.0001 0.0002 0.0004

3.19 0.0000 0.0001 0.0003 0.0000 0.0001 0.0003

4.01 0.0000 O.0001 0.0009 0.0000 0.0001 0.0009

5.01 0.0001 0.0001 0.0014 0.0001 0.0001 0.0014

5.99 0.0001 0.0001 0.0013 0.0001 0.0001 0.0013

6.98 0.0001 0.0001 0.0015 0.0001 0.0001 0.0015

1.06 -0.0001 0.0002 -0.0002 -0.0001 0.0002 -0.0002

1.04 0.0000 0.0002 0.0001 0.0000 0.0002 0.0001

1.03 0.0000 0.0002 -0.0002 0.0000 0.0002 -0.0002

1.02 0.0000 0.0002 -0.0006 0.0000 0.0002 -0.0006

5.99 0.0001 0.0001 0.0014 0.0001 0.0001 0.0014

5.97 0.0001 0.0000 0.0015 0.0001 0.0000 0.0015

5.99 0.0001 0.0001 0.0015 0.0001 0.0001 0.0015

5.97 0.0001 0.0001 0.0010 0.0001 0.0001 0.0010

1.06 0.0000 0.0001 -0.0009 0.0000 0.0001 -0.0009

1.99 0.0001 0.0000 0.0002 0.0001 0.0000 0.0002

3.20 0.0001 0.0000 0.0005 0.0001 0.0000 0.0005

4.48 0.0001 0.0000 0.0013 0.0001 0.0000 0.0013

5.49 0.0001 -O.O001 0.0018 0.0001 -0.0001 0.0018

6.53 0.0001 -0.0001 0.0018 0.0001 -0.0001 0.0018

1.04 0.0001 0.0000 0.0002 0.0001 0.0000 0.0002

2.01 0.0001 -0.0001 0.0024 0.0001 -0.0001 0.0024

3.18 0.0001 -0.0002 0.0028 0.0001 -0.0002 0.0028

4.00 0.0001 -0.0002 0.0028 0.0001 -0.0002 0.0028

4.82 0.0001 -0.0002 0.0028 0.0001 -0.0002 0.0028

5.49 0.0001 -0.0003 0.0028 0.0001 -0.0003 0.0028

6.21 0.0001 -0.0003 0.0028 0.0001 -0.0003 0.0028

1.04 0.0001 0.0000 0.0002 0.0001 0.0000 0.0002

1.03 0.0001 0.0000 0.0002 0.0001 0.0000 0.0002

1.03 0.0001 0.0002 0.0001 0.0001 0.0002 0.0001

1.02 0.0001 0.0001 -0.0004 0.0001 0.0001 -0.0004

4.76 0.0001 -0.0002 0.0028 0.0001 -0.0002 0.0028

4.80 0.0001 -0.0002 0.0028 0.0001 -0.0002 0.0028

4.81 0.0001 -0.0002 0.0027 0.0001 -0.0002 0.0027

4.83 0.0001 -0.0001 0.0027 0.0001 -0.0001 0.0027
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Table 9. Concluded

(b) Concluded

MACH ALPHA NPR CR CN CY CRA CNA CYA

0.202 0.00 1.00

0.203 0.01 1.52

0.201 0.01 2.01

0.201 0.02 2.59

0.201 0.03 3.19

0.202 0.04 4.01

0.203 0.03 4.99

0.201 0.01 1.01

0.202 4.04 1.00

0.202 8.01 1.00

0.202 12.02 1.00

0.202 14.52 1.00

0.202 0.04 3.20

0.202 4.04 3.19

0.202 8.02 3.19

0.203 12.04 3.19

0.203 14.53 3.19

-0.0004 0.0009 -0.0002 -0.0004 0.0009 -0.0002

0.0000 0.0002 0.0009 0.0000 0.0002 0.0009

0.0005 -0.0002 0.0009 0.0005 -0.0002 0.0009

0.0000 -0.0007 0.0059 0.0000 -0.0007 0.0059

0.0002 -0.0014 0.0048 0.0002 -0.0014 0.0048

0.0002 -0.0016 0.0160 0.0002 -0.0016 0.0160

0.0009 -0.0020 0.0178 0.0009 -0.0020 0.0178

0.0007 0.0007 -0.0029 0.0007 0.0007 -0.0029

0.0009 0.0005 -0.0006 0.0009 0.0005 -0.0006

0.0007 0.0008 -0.0007 0.0007 0.0008 -0.0007

0.0010 0.0008 -0.0009 0.0010 0.0008 -0.0009

0.0009 0.0002 0.0006 0.0009 0.0002 0.0006

0.0006 -0.0013 0.0190 0.0006 -0.0013 0.0190

0.0005 -0.0013 0.0190 0.0005 -0.0013 0.0190

0.0004 -0.0012 0.0191 0.0004 -0.0012 0.0191

0.0006 -0.0011 0.0185 0.0006 -0.0011 0.0185

0.0006 -0.0011 0.0175 0.0006 -0.0011 0.0175
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Table 10. Longitudinal Aerodynamic Characteristics for Standard Nozzle With 0 = 0 °,

_v,p,l = 10°, _v,p,r -=- 10°, and ,_ = 0°

MACH

1.199

1.201

1.201

1.201

1.200

1.200

1.201

0.901

0.900

0.897

0.900

0.899

0.900

0.901

0.902

0.899

0.901

0.899

0.901

0.902

0.901

0.897

0.801

0.800

0.800

0.800

0.799

0.598

0.600

0.600

0.599

0.599

0.599

0.600

0.600

0.600

0.603

0.599

0.600

0.602

0.599

ALPHA NPR CL CD-F CM CLA CDA

-0.01 0.87 0.0005 0.0214 -0.0028 0.0005 0.0214

0.00 1.98 -0.0004 0.0064 -0.0013 -0.0037 0.0191

0.01 3.20 0.0070 -0.0066 -0.0089 0.0013 0.0208

-0.01 4.03 0.0095 -0.0162 -0.0115 0.0017 0.0214

0.00 5.51 0.0152 -0.0350 -0.0158 0.0048 0.0209

-0.02 7.30 0.0192 -0.0584 -0.0190 0.0054 0.0195

-0.01 8.02 0.0202 -0.0678 -0.0201 0.0051 0.0190

0.00 1.01 -0.0087 0.0111 0.0055 -0.0087 0.0111

-0.01 2.03 0.0059 -0.0133 -0.0094 -0.0002 0.0104

-0.01 3.22 0.0113 -0.0387 -0.0135 0.0010 0.0107

-0.01 3.99 0.0167 -0.0558 -0.0179 0.0030 0.0103

0.00 5.04 0.0222 -0.0786 -0.0227 0.0051 0.0106

-0.02 6.05 0.0275 -0.1006 -0.0269 0.0071 0.0106

-0.01 7.05 0.0330 -0.1229 -0.0310 0.0094 0.0099

0.01 1.02 -0.0100 0.0106 0.0058 -0.0100 0.0106

4.02 1.03 -0.0064 0.0108 0.0031 -0.0064 0.0108

7.99 1.02 -0.0037 0.0121 0.0041 -0.0037 0.0121

11.98 1.01 0.0035 0.0151 0.0009 0.0035 0.0151

0.00 6.06 0.0275 -0.1014 -0.0267 0.0071 0.0097

4.01 6.06 0.0399 -0.0977 -0.0295 0.0118 0.0116

8.00 6.05 0.0522 -0.0929 -0.0325 0.0165 0.0144

11.04 6.03 0.0643 -0.0877 -0.0355 0.0228 0.0179

0.00 1.02 -0.0056 0.0092 0.0014 -0.0056 0.0092

0.00 2.00 0.0133 -0.0200 -0.0153 0.0059 0.0091

0.00 3.17 0.0191 -0.0521 -0.0193 0.0064 0.0088

0.00 4.49 0.0290 -0.0881 -0.0279 0.0096 0.0093

-0.01 5.54 0.0351 -0.1181 -0.0330 0.0114 0.0085

0.00 1.04 0.0062 0.0069 -0.0079 0.0062 0.0069

0.00 2.02 0.0289 -0.0440 -0.0279 0.0153 0.0088

-0.01 3.18 0.0333 -0.1004 -0.0326 0.0107 0.0081

-0.01 4.01 0.0462 -0.1425 -0.0405 0.0153 0.0073

-0.01 4.76 0.0512 -0.1797 -0.0465 0.0147 0.0077

-0.03 5.49 0.0578 -0.2156 -0.0510 0.0161 0.0073

0.01 1.04 0.0066 0.0073 -0.0085 0.0066 0.0073

4.01 1.04 0.0102 0.0086 -0.0100 0.0102 0.0086

7.99 1.03 0.0135 0.0117 -0.0116 0.0135 0.0117

12.01 1.03 0.0252 0.0170 -0.0186 0.0252 0.0170

0.01 4.78 0.0510 -0.1799 -0.0466 0.0143 0.0083

4.00 4.78 0.0678 -0.1751 -0.0482 0.0182 0.0096

7.99 4.79 0.0881 -0.1660 -0.0527 0.0261 0.0140

11.99 4.78 0.1124 -0.1562 -0.0589 0.0375 0.0201

CMA

-0.0028

0.0017

-0.0037

-0.0047

-0.0068

-0.0074

-0.0074

0.0055

-0.0038

-0.0041

-0.0058

-0.0079

-0.0095

-0.0110

0.0058

0.0031

0.0041

0.0009

-0.0094

-0.0122

-0.0152

-0.0180

0.0014

-0.0085

-0.0077

-0.0110

-0.0127

-0.0079

-0.0155

-0.0119

-0.0133

-0.0149

-0.0151

-0.0085

-0.0100

-0.0116

-0.0186

-0.0148

-0.0165

-0.0212

-0.0272

43



Table 10. Concluded

MACH

0.203

0.199

0.201

0.201

0.201

0.201

0.200

0.201

0.201

0.201

0.200

0.202

0.202

0.202

0.202

0.202

ALPHA

0.02

-0.01

-0.01

0.00

-0.01

-0.02

0.01

4.02

7.99

11.98

14.52

-0.01

4.03

8.00

12.01

14.50

NPR CL CD-F CM CLA CDA CMA

1.00 0.0029 0.0092 -0.0127 0.0029 0.0092 -0.0127

1.53 0.0600 -0.2525 -0.0683 -0.0001 0.0113 -0.0155

2.00 0.1302 -0.4493 -0.1299 0.0110 0.0148 -0.0211

2.65 O.1573 -0.7257 -0.1468 O_0117 0.0133 -0.0093

3.23 0.2220 -0.9781 -0.2047 0.0150 0.0131 -0.0154

4.05 0.2858 -1.3320 -0.2556 0.0099 0.0128 -0.0128

1.01 0.0043 0.0088 -0.0106 0.0043 0.0088 -0.0106

1.01 0.0007 0.0061 -0.0080 0.0007 0.0061 -0.0080

1.01 0.0148 0.0080 -0.0168 0.0148 0.0080 -0.O168

1.01 0.0247 0.0185 -0.0207 0.0247 0.0185 -0.0207

1.00 0.0243 0.0175 -0.0251 0.0243 0.0175 -0.0251

3.24 0.2195 -0.9681 -O.2019 0.0142 0.0137 -0.0145

3.24 0.2880 -0.9492 -0.2037 O.0138 0.0167 -0.0160

3.24 0.3772 -0.9213 -0.2091 0.0371 0.0224 -0.O216

3.24 0.4400 -0.8906 -0.2157 0.0345 0.0276 -0.0281

3.24 0.4794 -0.8718 -0.2217 0.0334 0.0296 -0.0337
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Table 11. Aerodynamic Characteristics for Standard Nozzle With 0 = 0°,

5v,p, l = 20 °, 5v,p,r = 20 °, and _ = 0°

(a) Longitudinal characteristics

MACH

1.198

1.198

1.199

1.200

1.201

1.201

1.198

1.198

1.204

0.901

0.900

0.902

0.901

0.902

0.900

0.900

0.902

0.900

0.898

0.900

0.900

0.899

0.898

0.899

0.800

0.800

0.800

0.800

0.802

0.600

0.601

0.601

0.603

0.601

0.601

0.602

0.603

0.600

0.601

0.601

0.602

0.601

0.601

ALPHA NPR CL CD-F CM CLA CDA CMA

-0.01 0.76 0.0125 0.0246 -0.0133 0.0125 0.0246

0.00 2.03 0.0117 0.0077 -0.0121 0.0054 0.0194

-0.01 3.19 0.0228 -0.0026 -0.0212 0.0119 0.0215

-0.01 3.96 0.0278 -0.0093 -0.0261 0.0137 0.0236

-0.04 5.51 0.0386 -0.0261 -0.0344 0.0191 0.0248

-0.02 6.22 0.0405 -0.0352 -0.0362 0.0184 0.0240

-0.02 7.28 0.0430 -0.0488 -0.0382 0.0170 0.0231

-0.02 7.81 0.0448 -0.0554 -0.0394 0.0169 0.0226

-0.03 8.02 0.0451 -0.0578 -0.0400 0.0167 0.0219

0.01 0.96 -0.0036 0.0125 0.0005 -0.0036 0.0125

-0.03 2.00 0.0227 -0.0071 -0.0219 0.0119 0.0130

-0.03 3.22 0.0253 -0.0313 -0.0248 0.0057 0.0119

-0.03 3.99 0.0379 -0.0460 -0.0345 0.0128 0.0131

-0.01 5.01 0.0475 -0.0659 -0.0428 0.0160 0.0140

-0.02 6.03 0.0583 -0.0869 -0.0507 0.0202 0.0142

-0.03 6.98 0.0669 -0.1067 -0.0578 0.0226 0.0144

0.03 0.97 -0.0038 0.0118 0.0006 -0.0038 0.0118

4.03 0.96 -0.0007 0.0132 -0.0021 -0.0007 0.0132

7.98 0.94 0.0058 0.0160 -0.0053 0.0058 0.0160

11.09 0.93 0.0139 0.0191 -0.0099 0.0139 0.0191

-0.03 6.01 0.0579 -0.0871 -0.0507 0.0199 0.0138

3.99 6.02 0.0700 -0.0810 -0.0545 0.0249 0.0175

8.01 6.01 0.0838 -0.0729 -0.0600 0.0317 0.0223

10.87 6.05 0.0947 -0.0661 -0.0643 0.0377 0.0269

0.03 0.96 0.0004 O.Olll -0.0028 0.0004 0.0111

-0.02 2.01 0.0329 -0.0121 -0.0312 0.0191 0.0136

-0.01 3.21 0.0377 -0.0436 -0.0341 0.0130 0.0109

-0.03 4.49 0.0571 -0.0745 -0.0503 0.0213 0.0135

-0.05 5.51 0.0691 -0.1006 -0.0594 0.0251 0.0138

-0.01 0.99 0.0178 0.0111 -0.0169 0.0178 O.Olll

-0.03 2.02 0.0618 -0.0322 -0.0540 0.0371 0.0135

0.00 3.19 0.0674 -0.0858 -0.0599 0.0240 0.0097

-0.03 4.00 0.0867 -0.1207 -0.0750 0.0304 0.0116

-0.03 4.80 0.I000 -0.1578 -0.0860 0.0320 0.0125

-0.02 5.49 0.1121 -0.1901 -0.0946 0.0343 0.0119

0.00 1.00 0.0150 0.0104 -0.0151 0.0150 0.0104

4.03 1.00 0.0282 0.0143 -0.0246 0.0282 0.0143

8.01 0.99 0.0355 0.0197 -0.0282 0.0355 0.0197

10.14 0.99 0.0390 0.0233 -0.0317 0.0390 0.0233

-0.01 4.82 0.1018 -0.1590 -0.0858 0.0335 0.0122

4.00 4.80 0.1216 -0.1494 -0.0910 0.0419 0.0156

7.99 4.82 0.1393 -0.1383 -0.0968 0.0478 0.0215

11.07 4.81 0.1568 -0.1261 -0.i019 0.0569 0.0285

-0.0133

-0.0071

-0.0121

-0.0145

-0.0184

-0.0180

-0.0169

-0.0166

-0.0168

0.0005

-0.0132

-0.0086

-0.0137

-0.0169

-0.0194

-0.0216

0.0006

-0.0021

-0.0053

-0.0099

-0.0195

-0.0232

-0.0287

-0.0329

-0.0028

-0.0201

-0.0136

-0.0207

-0.0233

-0.0169

-0.0342

-0.0240

-0.0285

-0.0300

-0.0307

-0.0151

-0.0246

-0.0282

-0.0317

-0.0296

-0.0351

-0.0406

-0.0457
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Table 11. Continued

(a) Concluded

MACH

0.202

0.199

0.199

0.200

0.200

0.201

0.200

0.201

0.200

0.200

0.200

0.201

0.201
0.201

0.201

0.201

ALPHA NPR CL CD-F CM CLA CDA CMA

0.02

0.03

-0.03

-0.01

-0.03

-0.03

0.02

4.03

7.99

12.02

14.52

-0.02

4.02

8.02

12.00

14.52

1.00 0.0176 0.0092 -0.0218 0.0176 0.0092 -0.0210

1.52 0.1266 -0.2144 -0.1191 0.0110 0.0119 -0.0294

2.00 0.2383 -0.3952 -0.2208 0.0175 0.0142 -0.0432

2.60 0.3351 -0.6235 -0.3037 0.0356 0.0169 -0.0493

3.20 0.3969 -0.8700 -0.3557 0.0024 -0.0005 -0.0293

4.00 0.5269 -1.1880 -0.4535 0.0182 0.0080 -0.0329

1.00 0.0022 0.0097 -0.0176 0.0022 0.0097 -0.0176

1.00 0.0294 0.0113 -0.0232 0.0294 0.0113 -0.0232

1.00 0.0287 0.0224 -0.0299 0.0287 0.0224 -0.0299

1.00 0.0538 0.0290 -0.0363 0.0538 0.0290 -0.0363

1.00 0.0488 0.0391 -0.0420 0.0488 0.0391 -0.0420

3.21 0.3996 -0.8610 -0.3511 0.0089 -0.0001 -0.0281

3.22 0.4816 -0.8354 -0.3575 0.0270 0.0042 -0.0315

3.22 0.5412 -0.7937 -0.3635 O.0312 0.0086 -0.0389

3.22 0.6178 -0.7422 -0.3731 0.0523 O.0241 -0.0479

3.22 0.6483 -0.7159 -0.3775 0.0493 0.0254 -0.0521
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Table 11. Continued

(b) Lateral characteristics

MACH

1.198

1.198

1.199

1.200

1.201

1.201

1.198

1.198

1.204

0.901

0.900

0.902

0.901

0.902

0.900

0.900

0.902

0.900

0.898

0.900

0.900

0.899

0.898

0.899

0.800

0.800

0.800

0.800

0.802

0.600

0.601

0.601

0.603

0.601

0.601

0.602

0.603

0.600

0.601

0.601

0.602

0.601

0.601

ALPHA

-0.01

0.00

-0.01

-0.01

-0.04

-0.02

-0.02

-0.02

-0.03

0.01

-0.03

-0.03

-0.03

-0.01

-0.02

-0.03

0.03

4.03

7.98

11.09

-0.03

3.99

8.01

10.87

0.03

-0.02

-0.01

-0.03

-0.05

-0.01

-0.03

0.00

-0.03

-0.03

-0.02

0.00

4.03

8.01

10.14

-0.01

4.00

7.99

11.07

NPR CR CN CY CRA CNA CYA

0.76 0.0000 0.0005 0.0008 0.0000 0.0005 0.0008

2.03 0.0001 0.0002 0.0024 0.0001 0.0002 0.0024

3.19 0.0000 0.0003 0.0030 0.0000 0.0003 0.0030

3.96 0.0000 0.0005 0.0031 0.0000 0.0005 0.0031

5.51 0.0002 0.0004 0.0031 0.0002 0.0004 0.0031

6.22 0.0002 0.0004 0.0035 0.0002 0.0004 0.0035

7.28 0.0002 0.0005 0.0031 0.0002 0.0005 0.0031

7.81 0.0001 0.0005 0.0033 0.0001 0.0005 0.0033

8.02 0.0001 0.0005 0.0036 0.0001 0.0005 0.0036

0.96 0.0001 0.0001 0.0024 0.0001 0.0001 0.0024

2.00 0.0001 0.0003 0.0022 0.0001 0.0003 0.0022

3.22 0.0002 0.0002 0.0023 0.0002 0.0002 0.0023

3.99 0.0002 0.0003 0.0025 0.0002 0.0003 0.0025

5.01 0.0002 0.0004 0.0035 0.0002 0.0004 0.0035

6.03 0.0002 0.0005 0.0035 0.0002 0.0005 0.0035

6.98 0.0002 0.0006 0.0032 0.0002 0.0006 0.0032

0.97 0.0001 0.0001 0.0015 0.0001 0.0001 0.0015

0.96 0.0001 0.0002 0.0009 0.0001 0.0002 0.0009

0.94 0.0001 0.0003 0.0009 0.0001 0.0003 0.0009

0.93 0.0001 0.0001 0.0015 0.0001 0.0001 0.0015

6.01 0.0002 0.0005 0.0032 0.0002 0.0005 0.0032

6.02 0.0003 0.0007 0.0020 0.0003 0.0007 0.0020

6.01 0.0003 0.0007 0.0020 0.0003 0.0007 0.0020

6.05 0.0002 0.0006 0.0032 0.0002 0.0006 0.0032

0.96 0.0001 0.0001 0.0011 0.0001 0.0001 0.0011

2.01 0.0002 0.0005 0.0008 0.0002 0.0005 0.0008

3.21 0.0002 0.0004 0.0008 0.0002 0.0004 0.0008

4.49 0.0003 0.0006 0.0023 0.0003 0.0006 0.0023

5.51 0.0003 0.0006 0.0021 0.0003 0.0006 0.0021

0.99 0.0006 0.0006 -0.0016 0.0006 0.0006 -0.0016

2.02 0.0003 0.0005 0.0007 0.0003 0.0005 0.0007

3.19 0.0004 0.0008 0.0007 0.0004 0.0008 0.0007

4.00 0.0005 0.0008 0.0008 0.0005 0.0008 0.0008

4.80 0.0005 0.0008 0.0008 0.0005 0.0008 0.0008

5.49 0.0004 0.0008 0.0012 0.0004 0.0008 0.0012

1.00 0.0006 0.0007 -0.0017 0.0006 0.0007 -0.0017

1.00 0.0002 0.0004 -0.0012 0.0002 0.0004 -0.0012

0.99 0.0003 0.0006 -0.0016 0.0003 0.0006 -0.0016

0.99 0.0003 0.0006 -0.0017 0.0003 0.0006 -0.0017

4.82 0.0005 0.0008 0.0008 0.0005 0.0008 0.0008

4.80 0.0003 0.0009 0.0007 0.0003 0.0009 0.0007

4.82 0.0004 0.0012 0.0006 0.0004 0.0012 0.0006

4.81 0.0003 0.0011 0.0006 0.0003 0.0011 0.0006
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Table 11. Concluded

(b) Concluded

MACH

0.202

0.199

0.199

0.200
0.200

0.201

0.200

0.201

0.200

0.200

0.200

0.201

0.201

0.201
0.201

0.201

ALPHA

0.02

0.03

-0.03

-0.01

-0.03

-0.03

0.02

4.03

7.99

12.02

14.52

-0.02

4.02

8.02

12.00

14.52

NPR CR CN CY CRA CNA CYA

1.00 0.0001 0.0010 -0.0080 0.0001 0.0010 -0.0080

1.52 0.0006 0.0009 -0.0221 0.0006 0.0009 -0.0221

2.00 0.0011 0.0012 -0.0235 0.0011 0.0012 -0.0235

2.60 0.0012 0.0025 -0.0188 0.0012 0.0025 -0.0188

3.20 0.0013 0.0029 -0.0125 0.0013 0.0029 -0.0125

4.00 0.0015 0.0035 -0.0098 0.0015 0.0035 -0.0098

1.00 0.0003 0.0012 -0.0182 0.0003 0.0012 -0.0182

1.00 0.0001 0.0008 -0.0081 0.0001 0.0008 -0.0081

1.00 0.0002 0.0005 -0.0079 0.0002 0.0005 -0.0079

1.00 0.0001 0.0006 -0.0082 0.0001 0.0006 -0.0082

1.00 0.0001 0.0009 -0.0072 0.0001 0.0009 -0.0072

3.21 0.0012 0.0030 -0.0114 0.0012 0.0030 -0.0114

3.22 0.0013 0.0025 -0.0102 0.0013 0.0025 -0.0102

3.22 0.0012 0.0025 -0.0112 0.0012 0.0025 -0.0112

3.22 0.0010 0.0022 -0.0035 0.0010 0.0022 -0.0035

3.22 0.0011 0.0022 -0.0034 0.0011 0.0022 -0.0034
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Table 12 Longitudinal Aerodynamic Characteristics for Standard Nozzle With O = 0 °,

_v,p,l = 30°, _fv,p,r = 30 °, and _ = 0°

MACH

0.898

0.900

0.897

0.898
0.901

0.899

0.901

0.900

0.899

0.899

0.898

0.897

0.899

0.902

0.899

0.803

0.802

0.803

0.803

0.803

0.598

0.598

0.598

0.600

0.599

0.599

0.599

0.599

0.597

0.601

0.601

0.602

0.601

0.600

ALPHA NPR CL CD-F CM CLA CDA CMA

-0.02 0.91 0.0138 0.0163 -0.0152 0.0138 0.0163

-0.03 2.04 0.0432 0.0033 -0.0408 0.0311 0.0197

-0.03 3.23 0.0603 -0.0140 -0.0556 0.0336 0.0213

-0.03 4.03 0.0681 -0.0277 -0.0626 0.0316 0.0197

-0.02 5.01 0.0793 -0.0439 -0.0722 0.0358 0.0214

-0.05 6.02 0.0927 -0.0616 -0.0837 0.0417 0.0227

-0.05 7.03 0.1053 -0.0787 -0.0940 0.0470 0.0242

0.01 0.92 0.0157 0.0165 -0.0161 0.0157 0.0165

4.02 0.90 0.0226 0.0214 -0.0215 0.0226 0.0214

7.98 0.87 0.0303 0.0273 -0.0274 0.0303 0.0273

11.53 0.82 0.0399 0.0352 -0.0346 0.0399 0.0352

-0.04 5.99 0.0919 -0.0613 -0.0837 0.0409 0.0228

3.96 6.02 0.1063 -0.0511 -0.0904 0.0495 0.0295

7.99 6.04 0.1199 -0.0386 -0.0969 0.0576 0.0378

10.88 6.03 0.1312 -0.0284 -0.1029 0.0649 0.0450

0.03 0.92 0.0177 0.0165 -0.0175 0.0177 0.0165

-0.04 2.03 0.0576 0.0025 -0.0531 0.0424 0.0230

-0.03 3.20 0.0813 -0.0172 -0.0752 0.0485 0.0263

-0.04 4.52 0.0934 -0.0496 -0.0838 0.0430 0.0212

-0.04 5.51 0.1059 -0.0708 -0.0946 0.0465 0.0231

0.01 0.97 0.0265 0.0180 -0.0261 0.0265 0.0180

-0.03 2.00 0.0901 -0.0104 -0.0793 0.0636 0.0256

-0.03 3.21 0.1295 -0.0495 -0.1137 0.0700 0.0292

-0.04 4.00 0.1390 -0.0825 -0.1231 0.0575 0.0226

-0.04 4.80 0.1501 -0.1167 -0.1328 0.0553 0.0218

-0.04 5.49 0.1656 -0.1457 -0.1440 0.0591 0.0223

0.01 0.98 0.0311 0.0179 -0.0284 0.0311 0.0179

4.02 0.97 0.0490 0.0255 -0.0426 0.0490 0.0255

8.00 0.96 0.0557 0.0344 -0.0475 0.0557 0.0344

11.70 0.94 0.0633 0.0439 -0.0548 0.0633 0.0439

-0.03 4.82 0.1499 -0.1168 -0.1329 0.0552 0.0219

3.96 4.80 0.1694 -0.1017 -0.1406 0.0662 0.0286

7.99 4.80 0.1854 -0.0861 -0.1461 0.0730 0.0370

11.40 4.80 0.2026 -0.0694 -0.1526 0.0827 0.0470

-0.0152

-0.0291

-0.0319

-0.0300

-0.0337

-0.0388

-0.0429

-0.0161

-0.0215

-0.0274

-0.0346

-0.0387

-0.0454

-0.0520

-0.0578

-0.0175

-0.0385

-0.0462

-0.0391

-0.0422

-0.0261

-0.0537

-0.0611

-0.0505

-0.0487

-0.0500

-0.0284

-0.0426

-0.0475

-0.0548

-0.0490

-0.0573

-0.0627

-0.0689
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Table 12. Concluded

MACH

0.202

0.203

0.203

0.201

0.201

0.202

0.201

0.202

0.202

0.202

0.202

0.201

0.200

0.200

0.200

0.200

ALPHA NPR CL CD-F CM CLA CDA CMA

0.02

-0.03

-0.02

-0.01

-0.02

-0.04

0.04

4.02

8.00

12.03

14.52

-0.01

4.01

8.01

12.01

14.39

1.00 0.0410 0.0199 -0.0442 0.0410 0.0199 -0.0442

1.49 0.1599 -0.1384 -0.1607 0.0615 0.0279 -0.0504

2.00 0.3110 -0.2720 -0.2926 0.0798 0.0416 -0.0695

2.60 0.4548 -0.4670 -0.4169 0.0620 0.0268 -0.0561

3.20 0.5911 -0.6573 -0.5383 0.0668 0.0363 -0.0746

3.99 0.7719 -0.9000 -0.6964 0.0533 0.0260 -0.0559

1.00 0.0382 0.0189 -0.0393 0.0382 0.0189 -0.0393

1.00 0.0364 0.0275 -0.0428 0.0364 0.0275 -0.0428

1.00 0.0498 0.0329 -0.0487 0.0498 0.0329 -0.0487

1.00 0.0584 0.0402 -0.0591 0.0584 0.0402 -0.0591

1.00 0.0546 0.0479 -0.0614 0.0546 0.0479 -0.0614

3.18 0.5938 -0.6492 -0.5313 0.0726 0.0410 -0.0707

3.21 0.6690 -0.6158 -0.5513 0.0902 0.0469 -0.0817

3.21 0.7141 -0.5587 -0.5609 0.0892 0.0633 -0.0904

3.21 0.7674 -0.4977 -0.5707 0.I021 0.0778 -0.I013

3.21 0.7939 -0.4605 -0.5754 0.1056 0.0868 -0.1061
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Table 13. Aerodynamic Characteristics for Standard Nozzle With 0 = 0°,

_v,p,l = -200, _v,p,r = 200, and _ = 0 °

(a) Longitudinal characteristics

MACH

1.201

1.200

1.201

1.200

1.200

1.201

1.202

0.901

0.901

0.903

0.901

0.902

0.900

0.901

0.900

0.900

0.900

0.898

0.899

0.899

0.897

0.903

0.800

0.800

0.801

0.801

0.800

0.599

0.600

0.601

0.601

0.603

0.603

0.603

0.599

0.600

0.600

0.600

0.600

0.600

0.600

ALPHA

0.04

0.01

0.02

0.04

0.04

0.04

0.03

0.01

0.05

0.05

0.04

0.05

0.04

0.04

0.00

4.03

8.01

11.15

0.02

4.03

8.03

9.57

0.04

0.04

0.02

0.03

0.03

0.00

0.04

0.O1

0.05

0.05

0.04

0.01

4.03

8.01

11.61

0.05

4.04

8.01

I0.01

NPR CL CD-F CM CLA CDA CMA

0.75 -0.0021 0.0266 0.0000 -0.0021 0.0266 0.0000

2.00 -0.0013 0.0081 -0.0009 -0.0013 0.0194 -0.0009

3.20 -0.0007 -0.0019 -0.0001 -0.0007 0.0223 -0.0001

4.01 -0.0003 -0.0099 -0.0004 -0.0003 0.0237 -0.0004

5.51 -0.0011 -0.0267 0.0007 -0.0012 0.0241 0.0007

7.30 -0.0006 -0.0495 0.0004 -0.0007 0.0217 0.0004

8.00 -0.0004 -0.0583 0.0005 -0.0004 0.0207 0.0005

0.95 -0.0048 0.0125 0.0001 -0.0048 0.0125 0.0001

1.99 -0.0037 -0.0071 -0.0005 -0.0037 0.0128 -0.0005

3.21 -0.0039 -0.0312 0.0003 -0.0039 0.0120 0.0003

4.01 -0.0034 -0.0467 0.0003 -0.0034 0.0128 0.0003

5.03 -0.0039 -0.0671 0.0003 -0.0040 0.0131 0.0003

6.01 -0.0038 -0.0876 0.0001 -0.0039 0.0127 0.0001

6.98 -0.0025 -0.1074 0.0001 -0.0026 0.0126 0.0001

0.97 -0.0059 0.0120 0.0001 -0.0059 0.0120 0.0001

0.96 -0.0002 0.0132 -0.0029 -0.0002 0.0132 -0.0029

0.94 0.0050 0.0160 -0.0056 0.0050 0.0160 -0.0056

0.93 0.0113 0.0187 -0.0085 0.0113 0.0187 -0.0085

5.99 -0.0040 -0.0879 0.0001 -0.0040 0.0126 0.0001

6.02 0.0094 -0.0867 -0.0032 0.0023 0.0138 -0.0032

6.00 0.0235 -0.0836 -0.0075 0.0094 0.0162 -0.0075

6.03 0.0295 -0.0813 -0.0094 0.0129 0.0174 -0.0094

0.98 -0.0041 0.0115 -0.0001 -0.0041 0.0115 -0.0001

2.01 -0.0027 -0.0128 -0.0002 -0.0027 0.0129 -0.0002

3.20 -0.0033 -0.0432 -0.0003 -0.0033 0.0114 -0.0003

4.51 -0.0017 -0.0755 -0.0002 -0.0017 0.0127 -0.0002

5.49 -0.0021 -0.1018 -0.0002 -0.0022 0.0121 -0.0002

1.00 0.0026 0.0108 -0.0049 0.0026 0.0108 -0.0049

2.02 -0.0042 -0.0329 -0.0003 -0.0042 0.0129 -0.0003

3.24 -0.0034 -0.0884 0.0001 -0.0034 0.0099 0.0001

3.98 -0.0028 -0.1214 0.0004 -0.0029 0.0108 0.0004

4.79 -0.0035 -0.1574 0.0005 -0.0036 0.0110 0.0005

5.49 -0.0038 -0.1902 0.0007 -0.0039 0.0100 0.0007

1.00 0.0002 0.0107 -0.0044 0.0002 0.0107 -0.0044

1.01 -0.0027 0.0107 -0.0010 -0.0027 0.0107 -0.0010

1.01 0.0046 0.0127 -0.0038 0.0046 0.0127 -0.0038

1.01 0.0121 0.0163 -0.0078 0.0121 0.0163 -0.0078

4.81 -0.0036 -0.1603 0.0010 -0.0037 0.0108 0.0010

4.81 0.0130 -0.1593 -0.0020 0.0009 0.0112 -0.0020

4.81 0.0315 -0.1560 -0.0062 0.0077 0.0133 -0.0062

4.81 0.0421 -0.1529 -0.0086 0.0124 0.0154 -0.0086
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Table 13. Continued

(a) Concluded

MACH

0.202

0.203

0.200

0.200

0.201

0.201

0.200

0.201

0.200

0.200

0.200

0.201

0.201

0.201

0.201

0.201

ALPHA

0.04

0.05

0.04

0.04

0.05

0.04

-0.01

4.03

8.01

12.04

14.50

0.05

4.03

8.04

12.02

14.53

NPR CL CD-F CM CLA CDA CMA

1.00 -0.0143 0.0060 -0.0003 -0.0143 0.0060 -0.0003

1.51 -0.0094 -0.2075 0.0005 -0.0096 0.0135 0.0005

1.99 -0.0055 -0.3896 -0.0026 -0.0058 0.0158 -0.0026

2.60 -0.0101 -0.6209 -0.0022 -0.0105 0.0159 -0.0022

3.19 0.0036 -0.8537 -0.0011 0.0029 0.0100 -O.O011

3.99 0.0021 -1.1790 O.0011 0.0012 0.0133 0.0011

1.00 -0.0128 0.0078 -0.0002 -0.0128 0.0078 -0.0002

1.O0 0.0083 0.0060 -0.0013 0.0083 0.0060 -0.0013

1.00 0.0106 0.0153 -0.0037 0.0106 0.0153 -0.0037

1.00 0.0205 0.0183 -0.0122 0.0205 0.0183 -0.0122

1.00 0.0333 0.0234 -0.0147 0.0333 0.0234 -0.0147

3.21 0.0104 -0.8582 0.0000 0.0097 0.0089 0.0000

3.20 0.0695 -0.8462 -0.0023 0.0089 0.0135 -0.0023

3.19 0.1501 -0.8344 -0.0054 0.0299 0.0165 -0.0054

3.19 0.2116 -0.8119 -0.0149 0.0333 0.0256 -0.0149

3.18 0.2506 -0.8041 -0.0161 0.0354 0.0259 -0.0161
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Table 13. Continued

(b) Lateral characteristics

MACH

1.201

1.200

1.201

1.200

1.200

1.201

1.202

0.901

0.901

0.903

0.901

0.902

0.900

0.901

0.900

0.900

0.900

0.898

0.899

0.899

0.897

0.903

0.800

0.800

0.801

0.801

0.800

0.599

0.600

0.601

0.601

0.603

0.603

0.603

0.599

0.600

0.600

0.600

0.600

0.600

0.600

ALPHA

0.04

0.01

0.02

0.04

0.04

0.04

0.03

0.01

0.05

0.05

0.04

0.05

0.04

0.04

0.00

4.03

8.01

11.15

0.02

4.03

8.03

9.57

O.04

0.04

0.02

0.03

0.03

0.00

0.04

0.01

0.05

0.05

0.04

0.01

4.03

8.01

11.61

0.O5

4.04

8.01

10.01

NPR CR CN CY CRA CNA CYA

0.75 -0.0011 0.0003 0.0030 -0.0011 0.0003 0.0030

2.00 -0.0008 0.0001 0.0036 -0.0004 0.0001 0.0036

3.20 -0.0015 0.0002 0.0034 -0.0009 0.0002 0.0034

4.01 -0.0020 0.0003 0.0035 -0.0011 0.0003 0.0035

5.51 -0.0025 0.0002 0.0036 -0.0012 0.0002 0.0036

7.30 -0.0028 0.0002 0.0038 -0.0011 0.0002 0.0038

8.00 -0.0029 0.0002 0.0039 -0.0010 0.0002 0.0039

0.95 0.0000 0.0001 0.0023 0.0000 0.0001 0.0023

1.99 -0.0012 0.0001 0.0023 -0.0005 0.0001 0.0023

3.21 -0.0016 0.0002 0.0022 -0.0004 0.0002 0.0022

4.01 -0.0022 0.0002 0.0021 -0.0007 0.0002 0.0021

5.03 -0.0027 0.0002 0.0018 -0.0007 0.0002 0.0018

6.01 -0.0032 0.0002 0.0017 -0.0007 0.0002 0.0017

6.98 -0.0036 0.0002 0.0018 -0.0007 0.0002 0.0018

0.97 0.0000 0.0002 0.0018 0.0000 0.0002 0.0018

0.96 0.0000 0.0000 0.0020 0.0000 0.0000 0.0020

0.94 0.0000 -0.0002 0.0021 0.0000 -0.0002 0.0021

0.93 0.0000 -0.0005 0.0035 0.0000 -0.0005 0.0035

5.99 -0.0032 0.0002 0.0016 -0.0007 0.0002 0.0016

6.02 -0.0032 0.0000 0.0025 -0.0007 0.0000 0.0025

6.00 -0.0032 -0.0002 0.0029 -0.0007 -0.0002 0.0029

6.03 -0.0032 -0.0003 0.0033 -0.0007 -0.0003 0.0033

0.98 -0.0001 0.0002 0.0020 -0.0001 0.0002 0.0020

2.01 -0.0017 0.0001 0.0017 -0.0009 0.0001 0.0017

3.20 -0.0021 0.0002 0.0011 -0.0005 0.0002 0.0011

4.51 -0.0031 0.0002 0.0015 -0.0008 0.0002 0.0015

5.49 -0.0037 0.0002 0.0018 -0.0008 0.0002 0.0018

1.00 -0.0008 -0.0001 0.0025 -0.0008 -0.0001 0.0025

2.02 -0.0033 0.0002 0.0017 -0.0018 0.0002 0.0017

3.24 -0.0042 0.0002 0.0014 -0.0014 0.0002 0.0014

3.98 -0.0051 0.0002 0.0009 -0.0016 0.0002 0.0009

4.79 -0.0058 0.0002 0.0004 -0.0015 0.0002 0.0004

5.49 -0.0063 0.0002 0.0006 -0.0013 0.0002 0.0006

1.00 -0.0009 -0.0001 0.0009 -0.0009 -0.0001 0.0009

1.01 -0.0012 -0.0003 0.0014 -0.0012 -0.0003 0.0014

1.01 -0.0010 -0.0006 0.0032 -0.0010 -0.0006 0.0032

1.01 -0.0011 -0.0008 0.0038 -0.0011 -0.0008 0.0038

4.81 -0.0058 0.0002 0.0002 -0.0015 0.0002 0.0002

4.81 -0.0059 -0.0004 0.0030 -0.0016 -0.0004 0.0030

4.81 -0.0057 -0.0009 0.0034 -0.0013 -0.0009 0.0034

4.81 -0.0058 -0.0010 0.0047 -0.0014 -0.0010 0.0047
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Table 13. Concluded

(b) Concluded

MACH

0.202

0.203

0.200

0.200

0.201

0.201

0.200

0.201

0.200

0.200

0.200

0.201

0.201

0.201

0.201

0.201

ALPHA NPR CR CN CY CRA CNA CYA

0.04

0.05

0.04

O.04

0.05

0.04

-0.01

4.03

8.01

12.04

14.50

0.05

4.03

8.04

12.02

14.53

1.00 -0.0008 0.0010 0.0012 -0.0008 0.0010 0.0012

1.51 -0.0082 0.0011 0.0027 0.0009 0.0011 0.0027

1.99 -0.0156 0.0014 -0.0099 -0.0019 0.0014 -0.0099

2.60 -0.0218 0.0014 -0.0093 -0.0027 0.0014 -0.0093

3.19 -0.0267 0.0013 -0.0072 -0.0024 0.0013 -0.0072

3.99 -0.0343 0.0014 -0.0062 -0.0028 0.0014 -0.0062

1.00 -0.0006 0.0009 -0.0078 -0.0006 0.0009 -0.0078

1.00 -0.0009 0.0009 -0.0001 -0.0009 0.0009 -0.0001

1.00 -0.0009 0.0001 0.0015 -0.0009 0.0001 0.0015

1.00 -0.0010 -0.0002 0.0017 -0.0010 -0.0002 0.0017

1.00 -0.0009 0.0000 0.0014 -0.0009 0.0000 0.0014

3.21 -0.0267 0.0004 -0.0056 -0.0023 0.0004 -0.0056

3.20 -0.0265 -0.0004 -0.0039 -0.0022 -0.0004 -0.0039

3.19 -0.0266 -0.0013 -0.0003 -0.0023 -0.0013 -0.0003

3.19 -0.0264 -0.0015 0.0119 -0.0022 -0.0015 0.0119

3.18 -0.0266 -0.0021 0.0123 -0.0024 -0.0021 0.0123
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Table 14. Aerodynamic Characteristics for Standard Nozzle With 0 = 0°,

_v,p,l = 0°, _v,p,r = 0°, and _ = 5°

(a) Longitudinal characteristics

MACH

1.199

1.200

1.199

1.200

1.200

1.201

1.198

0.900

0.900

0.901

0.900

0.901

0.901

0.900

0.900

0.903

0.899

0.902

0.903

0.901

0.900

0.900

0.800

0.799

0.799

0.802

0.798

0.601

0.601

0.601

0.600

0.601

0.601

0.600

0.601

0.600

0.599

0.598

0.600

0.601

0.600

0.597

0.599

0.600

0.599

0.599

0.600

ALPHA

0.01

0.02

0.02

0.02

0.01

0.01

0.01

-0.01

0.02

0.01

0.01

0.02

0.01

0.01

-0.02

4.01

7.99

12.01

0.01

4.02

7.99

12.01

0.03

0.01

0.02

0.02

0.02

-0.01

0.00

0.01

0.02

0.00

0.02

-0.01

4.01

7.99

12.00

0.01

4.02

8.00

11.99

0.01

0.02

0.01

0.02

0.01

0.01

NPR CL CD-F CM CLA CDA
CMA

0.87 -0.0060 0.0231 0.0022 -0.0060 0.0231 0.0022

2.16 -0.0068 0.0040 0.0026 -0.0068 0.0200 0.0026

3.18 -0.0071 -0.0079 0.0026 -0.0072 0.0213 0.0026

4.03 -0.0073 -0.0184 0.0026 -0.0073 0.0215 0.0026

5.53 -0.0075 -0.0388 0.0026 -0.0075 0.0202 0.0026

7.34 -0.0071 -0.0636 0.0026 -0.0071 0.0182 0.0026

8.00 -0.0070 -0.0729 0.0025 -0.0070 0.0178 0.0025

1.05 -0.0014 0.0102 -0.0015 -0.0014 0.0102 -0.0015

2.00 -0.0032 -0.0162 0.0004 -0.0032 0.0086 0.0004

3.23 -0.0041 -0.0438 0.0011 -0.0041 0.0089 0.0011

4.04 -0.0045 -0.0629 0.0011 -0.0046 0.0082 0.0011

5.02 -0.0051 -0.0844 0.0011 -0.0051 0.0085 0.0011

5.96 -0.0051 -0.1066 0.0010 -0.0052 0.0076 0.0010

7.04 -0.0050 -0.1321 0.0010 -0.0050 0.0068 0.0010

1.05 -0.0014 0.0095 -0.0013 -0.0014 0.0095 -0.0013

1.04 0.0057 0.0118 -0.0065 0.0057 0.0118 -0.0065

1.03 0.0092 0.0143 -0.0064 0.0092 0.0143 -0.0064

1.02 0.0116 0.0176 -0.0062 0.0116 0.0176 -0.0062

5.97 -0.0056 -0.1069 0.0010 -0.0056 0.0074 0.0010

6.07 0.0052 -0.1088 0.0001 -0.0030 0.0077 0.0001

5.95 0.0205 -0.1030 -0.0031 0.0046 0.0103 -0.0031

5.97 0.0362 -0.0991 -0.0067 0.0124 0.0132 -0.0067

1.06 -0.0058 0.0062 0.0024 -0.0058 0.0062 0.0024

2.02 -0.0038 -0.0255 0.0000 -0.0038 0.0066 0.0000

3.23 -0.0049 -0.0604 0.0012 -0.0049 0.0065 0.0012

4.51 -0.0056 -0.0972 0.0012 -0.0056 0.0059 0.0012

5.54 -0.0064 -0.1274 0.0014 -0.0064 0.0061 0.0014

1.02 -0.0047 0.0056 0.0009 -0.0047 0.0056 0.0009

2.01 -0.0063 -0.0501 0.0015 -0.0063 0.0065 0.0015

3.27 -0.0082 -0.1144 0.0025 -0.0082 0.0059 0.0025

3.97 -0.0091 -0.1506 0.0028 -0.0092 0.0058 0.0028

4.78 -0.0100 -0.1915 0.0032 -0.0100 0.0056 0.0032

5.61 -0.0111 -0.2337 0.0038 -0.0112 0.0054 0.0038

1.04 -0.0077 0.0056 0.0018 -0.0077 0.0056 0.0018

1.04 -0.0039 0.0060 0.0005 -0.0039 0.0060 0.0005

1.03 0.0037 0.0080 -0.0028 0.0037 0.0080 -0.0028

1.03 0.0122 0.0114 -0.0067 0.0122 0.0114 -0.0067

4.82 -0.0104 -0.1948 0.0034 -0.0104 0.0065 0.0034

4.78 0.0076 -0.1908 0.0021 -0.0063 0.0063 0.0021

4.82 0.0303 -0.1894 -0.0033 0.0026 0.0078 -0.0033

4.78 0.0557 -0.1832 -0.0092 0.0146 0.0104 -0.0092

1.03 -0.0056 0.0055 0.0022 -0.0056 0.0055 0.0022

2.03 -0.0065 -0.0514 0.0022 -0.0066 0.0067 0.0022

3.25 -0.0080 -0.1132 0.0031 -0.0080 0.0065 0.0031

4.02 -0.0093 -0.1532 0.0034 -0.0094 0.0064 0.0034

4.86 -0.0087 -0.1960 0.0036 -0.0087 0.0062 0.0036

5.48 -0.0090 -0.2286 0.0038 -0.0090 0.0050 0.0038
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Table 14. Continued

(a) Concluded

MACH

0.201

0.200

0.200

0.199

0.200

0.199

0.200

0.198

0.200

0.201

0.198

0.199

0.200

0.200

0.200

0.200

ALPHA

-0.01

0.00

0.00

0.01

0.01

0.02

0.01

4.03

7.98

12.02

14.50

0.02

4.01

7.98

12.02

14.52

NPR CL CD-F CM CLA CDA CMA

1.01 -0.0219 0.0032 0.0002 -0.0219 0.0032 0.0002

1.53 -0.0156 -0.2896 0.0016 -0.0155 -0.0016 0.0016

2.02 -0.0199 -0.5097 0.0038 -0.0199 0.0042 0.0038

2.69 -0.0286 -0.8199 0.0075 -0.0287 0.0080 0.0075

3.25 -0.0329 -1.0660 0.0086 -0.0331 0.0068 0.0086

3.98 -0.0427 -1.4130 0.0149 -0.0432 0.0073 0.0149

1.00 -0.0094 0.0021 0.0015 -0.0094 0.0021 0.0015

1.00 0.0031 -0.0009 -0.0003 0.0031 -0.0009 -0.0003

1.00 0.0023 0.0065 -0.0024 0.0023 0.0065 -0.0024

1.00 0.0123 0.0066 -0.0077 0.0123 0.0066 -0.0077

1.00 0.0255 0.0090 -0.0136 0.0255 0.0090 -0.0136

3.24 -0.0356 -1.0790 0.0115 -0.0359 0.0026 0.0115

3.25 0.0661 -1.0570 0.0077 -0.0090 0.0135 0.0077

3.25 0.1399 -1.0550 0.0057 -0.0096 0.0107 0.0057

3.26 0.2320 -1.0470 -0.0050 0.0068 0.0110 -0.0050

3.24 0.2834 -1.0220 -0.0090 0.0138 0.0183 -0.0090
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Table 14. Continued

(b) Lateral characteristics

MACH

1.199

1.200

1.199

1.200

1.200

1.201

1.198

0.900

0.900

0.901

0.900

0.901

0.901

0.900

0.900

0.903

0.899

0.902

0.903

0.901

0.900

0.900

0.800

0.799

0.799

0.802

0.798

0.601

0.601

0.601

0.600

0.601

0.601

0.600

0.601

0.600

0.599

0.598

0.600

0.601

0.600

0.597

0.599

0.600

0.599

0.599

0.600

ALPHA NPR CR CN CY CRA CNA CYA

0.01

0.02

0.02

0.02

0.01

0.01

0.01

-0.01

0.02

0.01

0.01

0.02

0.01

0.01

-0.02

4.01

7.99

12.01

0.01

4.02

7.99

12.01

0.03

0.01

0.02

0.02

0.02

-0.01

0.00

0.01

0.02

0.00

0.02

-0.01

4.01

7.99

12.00

0.01

4.02

8.00

11.99

0.01

0.02

0.01

0.02

0.01

0.01

0.87 0.0001 -0.0001 0.0023 0.0001 -0.0001 0.0023

2.16 0.0002 -0.0003 0.0024 0.0002 -0.0003 0.0024

3.18 0.0001 -0.0003 0.0027 0.0001 -0.0003 0.0027

4.03 0.0001 -0.0003 0.0026 0.0001 -0.0003 0.0026

5.53 0.0001 -0.0004 0.0026 0.0001 -0.0004 0.0026

7.34 0.0001 -0.0004 0.0030 0.0001 -0.0004 0.0030

8.00 0.0001 -0.0005 0.0028 0.0001 -0.0005 0.0028

1.05 0.0003 -0.0008 0.0046 0.0003 -0.0008 0.0046

2.00 0.0002 -0.0011 0.0056 0.0002 -0.0011 0.0056

3.23 0.0002 -0.0012 0.0057 0.0002 -0.0012 0.0057

4.04 0.0002 -0.0012 0.0063 0.0002 -0.0012 0.0063

5.02 0.0001 -0.0012 0.0062 0.0001 -0.0012 0.0062

5.96 0.0001 -0.0011 0.0056 0.0001 -0.0011 0.0056

7.04 0.0001 -0.0011 0.0058 0.0001 -0.0011 0.0058

1.05 0.0003 -0.0008 0.0045 0.0003 -0.0008 0.0045

1.04 -0.0005 -0.0006 0.0019 -0.0005 -0.0006 0.0019

1.03 -0.0006 0.0005 -0.0029 -0.0006 0.0005 -0.0029

1.02 -0.0007 0.0017 -0.0089 -0.0007 0.0017 -0.0089

5.97 0.0001 -0.0011 0.0052 0.0001 -0.0011 0.0052

6.07 -0.0005 -0.0005 0.0020 -0.0005 -0.0005 0.0020

5.95 -0.0009 0.0005 -0.0024 -0.0009 0.0005 -0.0024

5.97 -0.0010 0.0018 -0.0084 -0.0010 0.0018 -0.0084

1.06 0.0002 -0.0014 0.0056 0.0002 -0.0014 0.0056

2.02 0.0001 -0.0014 0.0057 0.0001 -0.0014 0.0057

3.23 0.0001 -0.0014 0.0062 0.0001 -0.0014 0.0062

4.51 0.0000 -0.0014 0.0061 0.0000 -0.0014 0.0061

5.54 0.0001 -0.0013 0.0057 0.0001 -0.0013 0.0057

1.02 0.0001 -0.0012 0.0053 0.0001 -0.0012 0.0053

2.01 0.0001 -0.0013 0.0055 0.0001 -0.0013 0.0055

3.27 0.0000 -0.0013 0.0054 0.0000 -0.0013 0.0054

3.97 0.0001 -0.0012 0.0055 0.0001 -0.0012 0.0055

4.78 0.0000 -0.0012 0.0055 0.0000 -0.0012 0.0055

5.61 0.0000 -0.0012 0.0055 0.0000 -0.0012 0.0055

1.04 0.0001 -0.0012 0.0055 0.0001 -0.0012 0.0055

1.04 -0.0003 -0.0010 0.0031 -0.0003 -0.0010 0.0031

1.03 -0.0008 -0.0007 0.0033 -0.0008 -0.0007 0.0033

1.03 -0.0011 0.0000 0.0000 -0.0011 0.0000 0.0000

4.82 -0.0001 -0.0012 0.0055 -0.0001 -0.0012 0.0055

4.78 -0.0005 -0.0009 0.0033 -0.0005 -0.0009 0.0033

4.82 -0.0010 -0.0004 0.0024 -0.0010 -0.0004 0.0024

4.78 -0.0014 0.0003 -0.0003 -0.0014 0.0003 -0.0003

1.03 0.0001 -0.0014 0.0056 0.0001 -0.0014 0.0056

2.03 0.0001 -0.0015 0.0056 0.0001 -0.0015 0.0056

3.25 0.0000 -0.0014 0.0056 0.0000 -0.0014 0.0056

4.02 -0.0001 -0.0014 0.0056 -0.0001 -0.0014 0.0056

4.86 0.0000 -0.0013 0.0056 0.0000 -0.0013 0.0056

5.48 -0.0001 -0.0013 0.0057 -0.0001 -0.0013 0.0057
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Table 14. Concluded

(b) Concluded

MACH

0.201

0.200

0.200

0.199

0.200

0.199

0.200

0.198

0.200

0.201

0.198

0.199

0.200

0.200

0.200

0.200

ALPHA NPR CR CN CY CRA CNA CYA

-0.01

0.00

0.00

0.01

0.01

0.02

0.01

4.03

7.98

12.02

14.50

0.02

4.01

7.98

12.02

14.52

1.01 0.0004 -0.0009 -0.0005 0.0004

1.53 0.0004 -0.0017 0.0017 0.0004

2.02 0.0004 -0.0018 0.0029 0.0004

2.69 0.0005 -0.0016 0.0072 0.0005

3.25 0.0004 -0.0014 0.0093 0.0004

3.98 -0.0001 -0.0012 0.0139 -0.0001

1.00 -0.0001 -0.0016 0.0167 -0.0001

1.00 -0.0012 -0.0009 0.0095 -0.0012

1.00 -0.0015 -0.0010 0.0189 -0.0015

1.00 -0.0014 -0.0005 0.0068 -0.0014

1.00 -0.0014 -0.0006 0.0057 -0.0014

3.24 -0.0001 -0.0018 0.0155 -0.0001

3.25 -0.0016 -0.0016 0.0171 -0.0016

3.25 -0.0015 -0.0015 0.0142 -0.0015

3.26 -0.0019 -0.0006 0.0044 -0.0019

3.24 -0.0028 -0.0008 0.0048 -0.0028

-0.0009

-0.0017

-0.0018

-0.0016

-0.0014

-0.0012

-0.0016

-0.0009

-0.0010

-0.0005

-0.0006

-0.0018

-0.0016

-0.0015

-0.0006

-0.0008

-0.0005

0.0017

0.0029

0.0072

0.0093

0.0139

0.0167

0.0095

0.0189

0.0068

0.0057

0.0155

0.0171

0.0142

0.0044

0.0048
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Table 15. Aerodynamic Characteristics for Standard Nozzle With 0 = 0°,

_v,p,l = 20°, _v,p,r =-- 200, and B = 5°

(a) Longitudinal characteristics

MACH

1.200

1.199

1.200

1.198

1.200

1.199

1.200

0.897

0.899

0.900

0.900

0.902

0.904

0.900

0.900

0.897

0.898

0.897

0.900

0.899

0.899

0.898

0.800

0.801

0.798

0.799

0.799

0.600

0.600

0.600

0.599

0.600

0.599

0.600

0.599

0.599

0.599

0.600

0.600

0.599

0.598

ALPHA NPR CL CD-F CM CLA CDA

-0.01 0.77 0.0079 0.0240 -0.0103 0.0079 0.0240

-0.02 1.98 0.0078 0.0087 -0.0112 0.0023 0.0201

0.01 3.20 0.0195 -0.0018 -0.0217 0.0090 0.0224

-0.01 4.02 0.0244 -0.0107 -0.0259 0.0108 0.0234

-0.03 5.49 0.0312 -0.0273 -0.0318 0.0125 0.0240

-0.02 7.32 0.0375 -0.0501 -0.0372 0.0124 0.0228

-0.03 7.98 0.0390 -0.0586 -0.0388 0.0115 0.0221

0.01 0.94 -0.0041 0.0117 0.0005 -0.0041 0.0117

0.01 1.98 0.0179 -0.0075 -0.0189 0.0082 0.0127

0.01 3.21 0.0233 -0.0321 -0.0236 0.0045 0.0112

-0.03 4.03 0.0350 -0.0475 -0.0334 0.0110 0.0130

-0.03 4.98 0.0441 -0.0669 -0.0415 0.0141 0.0135

-0.04 6.00 0.0538 -0.0876 -0.0488 0.0177 0.0135

-0.03 7.01 0.0633 -0.1091 -0.0564 0.0206 0.0140

0.01 0.98 -0.0049 0.0116 0.0007 -0.0049 0.0116

4.01 0.97 0.0022 0.0134 -0.0042 0.0022 0.0134

7.99 0.95 0.0089 0.0164 -0.0072 0.0089 0.0164

11.98 0.92 0.0196 0.0216 -0.0138 0.0196 0.0216

-0.03 6.01 0.0542 -0.0888 -0.0492 0.0177 0.0135

3.99 6.01 0.0687 -0.0826 -0.0546 0.0251 0.0170

7.99 6.00 0.0833 -0.0744 -0.0595 0.0328 0.0217

11.97 6.01 0.0989 -0.0643 -0.0663 0.0417 0.0284

0.00 0.96 0.0008 0.0114 -0.0039 0.0008 0.0114

0.01 1.97 0.0305 -0.0122 -0.0293 0.0185 0.0131

0.01 3.18 0.0364 -0.0434 -0.0333 0.0127 0.0110

-0.04 4.53 0.0562 -0.0772 -0.0506 0.0217 0.0132

-0.04 5.47 0.0662 -0.1016 -0.0587 0.0242 0.0137

-0.02 0.99 0.0159 0.0110 -0.0163 0.0159 0.0110

0.01 1.96 0.0594 -0.0300 -0.0515 0.0383 0.0144

0.00 3.21 0.0684 -0.0866 -0.0603 0.0261 0.0107

-0.03 3.98 0.0873 -0.1229 -0.0757 0.0335 0.0121

-0.04 4.78 0.0980 -0.1602 -0.0861 0.0333 0.0118

-0.04 5.49 0.IIII -0.1938 -0.0948 0.0363 0.0120

0.01 1.01 0.0154 0.0106 -0.0156 0.0154 0.0106

4.01 1.01 0.0293 0.0142 -0.0246 0.0293 0.0142

7.97 1.00 0.0354 0.0201 -0.0293 0.0354 0.0201

12.00 0.98 0.0361 0.0257 -0.0285 0.0361 0.0257

-0.04 4.81 0.0983 -0.1614 -0.0861 0.0331 0.0121

3.99 4.78 0.1184 -0.1509 -0.0908 0.0416 0.0163

7.99 4.78 0.1392 -0.1392 -0.0967 0.0507 0.0228

11.98 4.78 0.1604 -0.1246 -0.1046 0.0604 0.0314

CMA

-0.0103

-0.0061

-0.0122

-0.0138

-0.0157

-0.0159

-0.0157

0.0005

-0.0099

-0.0066

-0.0120

-0.0154

-0.0178

-0.0201

0.0007

-0.0042

-0.0072

-0.0138

-0.0179

-0.0232

-0.0281

-0.0348

-0.0039

-0.0181

-0.0119

-0.0202

-0.0224

-0.0163

-0.0318

-0.0221

-0.0277

-0.0294

-0.0300

-0.0156

-0.0246

-0.0293

-0.0285

-0.0291

-0.0340

-0.0398

-0.0474
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Table 15. Continued

(a) Concluded

MACH

0.199

0.199

0.200

0.200

0.200

0.200

0.198

0.198

0.198

0.198
0.198

0.199

0.200

0.200

0.198

0.198

ALPHA

0.01

-0.01

-0.02

-0.04

-0.02

-0.03

0.02

4.01

7.99

12.01

14.51

-0.03

4.01

8.01

12.00

14.62

NPR CL CD-F CM CLA CDA CMA

1.00 0.0094 0.0081 -0.0240 0.0094 0.0081 -0.0240

1.51 0.1298 -0.2235 -0.1244 0.0375 0.0108 -0.0348

2.03 0.2412 -0.3972 -0.2292 0.0344 0.0315 -0.0365

2.63 0.3460 -0.6404 -0.3195 0.0470 0.0182 -0.0441

3.18 0.4072 -0.8588 -0.3562 0.0319 0.0041 -0.0166

3.99 0.5139 -1.1920 -0.4571 0.0326 0.0170 -0.0278

1.00 0.0070 0.0077 -0.0215 0.0070 0.0077 -0.0215

1.00 0.0316 0.0098 -0.0256 0.0316 0.0098 -0.0256

1.O0 0.0305 0.0191 -0.0289 0.0305 0.0191 -0.0289

1.O0 0.0562 0.0252 -0.0357 0.0562 0.0252 -0.0357

1.00 0.0517 0.0339 -0.0401 0.0517 0.0339 -0.0401

3.20 0.4121 -0.8723 -0.3602 0.0309 0.0055 -0.0155

3.20 0.4701 -0.8350 -0.3620 0.0303 0.0094 -0.0190

3.20 0.5328 -0.7964 -0.3675 0.0352 0.0155 -0.0247

3.20 0.6185 -0.7617 -0.3784 0.0571 0.0255 -0.0301

3.20 0.6726 -0.7257 -0.3856 0.0744 0.0367 -0.0365

6O



Table 15. Continued

(b) Lateral characteristics

MACH

1.200

1.199

1.200

1.198

1.200

1.199

1.200

0.897

0.899

0.900

0.900

0.902

0.904

0.900

0.900

0.897

0.898

0.897

0.900

0.899

0.899

0.898

0.800

0.801

0.798

0.799

0.799

0.600

0.600

0.600

0.599

0.600

0.599

0.600

0.599

0.599

0.599

0.600

0.600

0.599

0.598

ALPHA NPR CR CN CY CRA CNA CYA

-0.01

-0.02

0.01

-0.01

-0.03

-0.02

-0.03

0.01

0.01

0.01

-0.03

-0.03

-0.04

-0.03

0.01

4.01

7.99

11.98

-0.03

3.99

7.99

11.97

0.00

0.01

0.01

-0.04

-0.04

-0.02

0.01

0.00

-0.03

-0.04

-0.04

0.01

4.01

7.97

12.00

-0.04

3.99

7.99

11.98

0.77 0.0000 0.0000 0.0017 0.0000 0.0000 0.0017

1.98 0.0001 -0.0001 0.0018 0.0001 -0.0001 0.0018

3.20 -0.0001 0.0001 0.0020 -0.0001 0.0001 0.0020

4.02 -0.0001 0.0003 0.0021 -0.0001 0.0003 0.0021

5.49 0.0001 0.0003 0.0021 0.0001 0.0003 0.0021

7.32 0.0001 0.0003 0.0028 0.0001 0.0003 0.0028

7.98 0.0001 0.0003 0.0033 0.0001 0.0003 0.0033

0.94 0.0000 -0.0006 0.0032 0.0000 -0.0006 0.0032

1.98 0.0001 -0.0004 0.0030 0.0001 -0.0004 0.0030

3.21 0.0001 -0.0004 0.0031 0.0001 -0.0004 0.0031

4.03 0.0002 -0.0002 0.0043 0.0002 -0.0002 0.0043

4.98 0.0002 -0.0001 0.0044 0.0002 -0.0001 0.0044

6.00 0.0002 0.0000 0.0043 0.0002 0.0000 0.0043

7.01 0.0003 0.0001 0.0041 0.0003 0.0001 0.0041

0.98 0.0000 -0.0006 0.0031 0.0000 -0.0006 0.0031

0.97 -0.0006 0.0000 -0.0007 -0.0006 0.0000 -0.0007

0.95 -0.0008 0.0009 -0.0052 -0.0008 0.0009 -0.0052

0.92 -0.0008 0.0013 -0.0087 -0.0008 0.0013 -0.0087

6.01 0.0002 0.0001 0.0042 0.0002 0.0001 0.0042

6.01 -0.0004 0.0008 0.0009 -0.0004 0.0008 0.0009

6.00 -0.0007 0.0019 -0.0037 -0.0007 0.0019 -0.0037

6.01 -0.0008 0.0029 -0.0095 -0.0008 0.0029 -0.0095

0.96 0.0000 -0.0006 0.0021 0.0000 -0.0006 0.0021

1.97 0.0001 -0.0001 0.0022 0.0001 -0.0001 0.0022

3.18 0.0000 -0.0001 0.0032 0.0000 -0.0001 0.0032

4.53 0.0001 0.0001 0.0038 0.0001 0.0001 0.0038

5.47 0.0001 0.0002 0.0041 0.0001 0.0002 0.0041

0.99 0.0002 -0.0002 0.0015 0.0002 -0.0002 0.0015

1.96 -0.0002 0.0003 0.0020 -0.0002 0.0003 0.0020

3.21 -0.0003 0.0002 0.0026 -0.0003 0.0002 0.0026

3.98 -0.0001 0.0004 0.0042 -0.0001 0.0004 0.0042

4.78 -0.0001 0.0005 0.0046 -0.0001 0.0005 0.0046

5.49 0.0000 0.0006 0.0043 0.0000 0.0006 0.0043

1.01 -0.0006 -0.0006 0.0030 -0.0006 -0.0006 0.0030

1.01 -0.0007 -0.0004 0.0004 -0.0007 -0.0004 0.0004

1.00 -0.0012 -0.0003 -0.0003 -0.0012 -0.0003 -0.0003

0.98 -0.0009 0.0006 -0.0041 -0.0009 0.0006 -0.0041

4.81 -0.0001 0.0006 0.0045 -0.0001 0.0006 0.0045

4.78 -0.0006 0.0008 0.0027 -0.0006 0.0008 0.0027

4.78 -0.0010 0.0011 0.0022 -0.0010 0.0011 0.0022

4.78 -0.0013 0.0014 -0.0002 -0.0013 0.0014 -0.0002
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Table 15. Concluded

(b) Concluded

MACH

0.199

0.199

0.200

0.200

0.200

0.200

0.198

0.198

0.198
0.198

0.198

0.199

0.200

0.200

0.198
0.198

ALPHA NPR CR CN CY CRA CNA CYA

0.01

-0.01

-0.02

-0.04

-0.02

-0.03

0.02

4.01

7.99

12.01

14.51

-0.03

4.01

8.01

12.00

14.62

1.00

1.51

2.03

2.63

3.18

3.99

1.00

1.00

I. O0

i. O0

1.00

3.20

3.20

3.20

3.20

3.20

-0.0015 -0.0003 -0.0013 -0.0015 -0.0003 -0.0013

-0.0012 0.0003 -0.0011 -0.0012 0.0003 -0.0011

-0.0008 0.0008 -0.0015 -0.0008 0.0008 -0.0015

-0.0005 0.0018 -0.0012 -0.0005 0.0018 -0.0012

-0.0002 0.0028 0.0104 -0.0002 0.0028 0.0104

0.0004 0.0037 0.0143 0.0004 0.0037 0.0143

0.0002 -0.0004 -0.0020 0.0002 -0.0004 -0.0020

-0.0015 -0.0018 0.0014 -0.0015 -0.0018 0.0014

-0.0014 -0.0033 0.0056 -0.0014 -0.0033 0.0056

-0.O011 -0.0042 0.0020 -0.0011 -0.0042 0.0020

-0.0010 -0.0050 0.0032 -0.0010 -0.0050 0.0032

-0.0002 0.0027 0.0152 -0.0002 0.0027 0.0152

-0.0006 0.0013 0.0113 -0.0006 0.0013 0.0113

-0.0006 0.0004 0.0185 -0.0006 0.0004 0.0185

-0.0007 -0.0007 0.0015 -0.0007 -0.0007 0.0015

-0.0016 -0.0019 0.0031 -0.0016 -0.0019 0.0031
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Table 16. Aerodynamic Characteristics for Standard Nozzle With 0 = 0°,

$v,p,l = -20°, 5v,p,r = 20 °, and _ = 5°

(a) Longitudinal characteristics

MACH

1.199

1.203

1.203

1.202

1.202

1.202

1.201

0.902

0.902

0.902

0.902

0.901

0.900

0.900

0.902

0.904

0.901

0.903

0.899

0.901

0.900

0.897

0.804

0.803

0.803

0.803

0.802

0.600

0.601

0.602

0.602

0.603

0.604

0.599

0.600

0.600

0.599

0.600

0.600

0.599

0.599

ALPHA

-0.02

0.01

0.00

0.01

0.02

0.01

0.01

0.02

0.09

0.04

0.02

0.01

0.03

0.03

-0.01

4.02

8.01

11.65

0.02

4.02

8.02

11.99

0.01

0.00

0.01

-0.01

0.01

0.00

0.00

-0.01

0.03

0.01

0.01

0.01

4.01

8.02

12.00

-0.01

4.01

8.02

11.97

NPR CL CD-F CM CLA CDA
CMA

0.77 -0.0019 0.0233 -0.0016 -0.0019 0.0233 -0.0016

3.21 -0.0008 -0.0022 -0.0029 -0.0008 0.0218 -0.0029

3.99 -0.0008 -0.0103 -0.0028 -0.0008 0.0230 -0.0028

5.49 -0.0016 -0.0279 -0.0019 -0.0017 0.0229 -0.0019

7.31 -0.0030 -0.0505 -0.0011 -0.0030 0.0217 -0.0011

8.05 -0.0029 -0.0594 -0.0010 -0.0029 0.0215 -0.0010

8.04 -0.0027 -0.0594 -0.0011 -0.0028 0.0215 -0.0011

0.94 -0.0051 0.0119 0.0003 -0.0051 0.0119 0.0003

2.00 -0.0043 -0.0084 0.0007 -0.0043 0.0116 0.0007

3.20 -0.0047 -0.0323 0.0010 -0.0047 0.0104 0.0010

4.02 -0.0050 -0.0475 0.0010 -0.0050 0.0120 0.0010

4.96 -0.0046 -0.0666 0.0009 -0.0046 0.0128 0.0009

5.99 -0.0035 -0.0883 0.0007 -0.0036 0.0129 0.0007

7.01 -0.0042 -0.1094 0.0005 -0.0043 0.0131 0.0005

0.97 -0.0051 0.0112 0.0005 -0.0051 0.0112 0.0005

0.96 0.0026 0.0133 -0.0049 0.0026 0.0133 -0.0049

0.95 0.0087 0.0158 -0.0066 0.0087 0.0158 -0.0066

0.93 0.0122 0.0187 -0.0077 0.0122 0.0187 -0.0077

5.98 -0.0037 -0.0886 0.0007 -0.0038 0.0126 0.0007

6.03 0.0095 -0.0875 -0.0037 0.0023 0.0142 -0.0037

6.03 0.0220 -0.0847 -0.0056 0.0077 0.0164 -0.0056

6.05 0.0377 -0.0807 -0.0100 0.0163 0.0201 -0.0100

0.95 -0.0028 0.0109 -0.0013 -0.0028 0.0109 -0.0013

2.00 -0.0013 -0.0134 -0.0019 -0.0013 0.0119 -0.0019

3.18 -0.0023 -0.0429 -0.0009 -0.0023 0.0103 -0.0009

4.53 -0.0011 -0.0761 -0.0012 -0.0011 0.0126 -0.0012

5.50 -0.0010 -0.1015 -0.0012 -0.0011 0.0131 -0.0012

0.98 -0.0001 0.0106 -0.0027 -0.0001 0.0106 -0.0027

2.01 -0.0044 -0.0330 -0.0005 -0.0044 0.0126 -0.0005

3.23 0.0005 -0.0872 -0.0035 0.0005 0.0096 -0.0035

4.01 -0.0014 -0.1223 -0.0015 -0.0015 0.0112 -0.0015

4.80 -0.0043 -0.1577 0.0002 -0.0043 0.0123 0.0002

5.49 -0.0040 -0.1908 0.0008 -0.0041 0.0110 0.0008

0.99 -0.0021 0.0106 -0.0023 -0.0021 0.0106 -0.0023

1.00 0.0097 0.0114 -0.0107 0.0097 0.0114 -0.0107

0.99 0.0168 0.0157 -0.0131 0.0168 0.0157 -0.0131

1.00 0.0098 0.0167 -0.0055 0.0098 0.0167 -0.0055

4.78 -0.0037 -0.1585 0.0006 -0.0037 0.0119 0.0006

4.81 0.0133 -0.1588 -0.0018 0.0013 0.0127 -0.0018

4.84 0.0314 -0.1577 -0.0047 0.0072 0.0144 -0.0047

4.86 0.0527 -0.1520 -0.0099 0.0164 0.0192 -0.0099
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Table 16. Continued

(a) Concluded

MACH

0.201

0.202

0.203

0.203

0.204

0.203

0.201

0.201

0.201

0.201

0.202

0.202

0.203

0.203

0.203

0.203

ALPHA

0.01

0.03

0.02

0.02

0.00

0.01

-0.01

4.00

8.02

11.99

14.49

0.02

4.02

8.01

12.02

14.50

NPR CL CD-F CM CLA CDA CMA

0.99 -0.0037 0.0009 -0.0006 -0.0037 0.0009 -0.0006

1.54 -0.0196 -0.2281 0.0006 -0.0197 0.0060 0.0006

1.95 -0.0111 -0.3608 -0.0005 -0.0112 0.0185 -0.0005

2.62 -0.0021 -0.6067 0.0008 -0.0023 0.0172 0.0008

3.23 -0.0075 -0.8451 0.0031 -0.0076 0.0008 0.0031

4.04 -0.0076 -1.1730 0.0054 -0.0078 0.0117 0.0054

1.00 -0.0022 0.0016 0.0013 -0.0022 0.0016 0.0013

1.00 -0.0049 0.0082 -0.0007 -0.0049 0.0082 -0.0007

1.00 0.0026 0.0072 -0.0028 0.0026 0.0072 -0.0028

1.00 0.0194 0.0153 -0.0076 0.0194 0.0153 -0.0076

1.O0 0.0203 0.0181 -0.0113 0.0203 0.0181 -0.0113

3.21 -0.0080 -0.8506 0.0064 -0.0083 -0.0001 0.0064

3.21 0.0545 -0.8424 0.0038 -0.0049 0.0042 0.0038

3.20 0.1315 -0.8265 -0.0009 0.0140 0.0084 -0.0009

3.20 0.1921 -0.8139 -0.0056 0.0167 0.0100 -0.0056

3.20 0.2457 -0.8011 -0.0096 0.0344 0.0161 -0.0096
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Table 16. Continued

(b) Lateral characteristics

MACH

1.199

1.203

1.203

1.202

1.202

1.202

1.201

0.902

0.902

0.902

0.902

0.901

0.900

0.900

0.902

0.904

0.901

0.903

0.899

0.901

0.900

0.897

0.804

0.803

0.803

0.803

0.802

0.600

0.601

0.602

0.602

0.603

0.604

0.599

0.600

0.600

0.599

0.600

0.600

0.599

0.599

ALPHA NPR CR CN CY CRA CNA CYA

-0.02 0.77 -0.0007 -0.0001 0.0029 -0.0007 -0.0001 0.0029

0.01 3.21 -0.0015 0.0000 0.0025 -0.0008 0.0000 0.0025

0.00 3.99 -0.0017 0.0001 0.0022 -0.0008 0.0001 0.0022

0.01 5.49 -0.0022 0.0001 0.0023 -0.0009 0.0001 0.0023

0.02 7.31 -0.0026 0.0000 0.0033 -0.0008 0.0000 0.0033

0.01 8.05 -0.0028 0.0000 0.0036 -0.0008 0.0000 0.0036

0.01 8.04 -0.0028 0.0000 0.0036 -0.0008 0.0000 0.0036

0.02 0.94 0.0000 -0.0007 0.0034 0.0000 -0.0007 0.0034

0.09 2.00 -0.0011 -0.0007 0.0042 -0.0004 -0.0007 0.0042

0.04 3.20 -0.0015 -0.0007 0.0042 -0.0003 -0.0007 0.0042

0.02 4.02 -0.0021 -0.0006 0.0043 -0.0004 -0.0006 0.0043

0.01 4.96 -0.0026 -0.0006 0.0046 -0.0005 -0.0006 0.0046

0.03 5.99 -0.0031 -0.0006 0.0046 -0.0005 -0.0006 0.0046

0.03 7.01 -0.0036 -0.0005 0.0049 -0.0005 -0.0005 0.0049

-0.01 0.97 0.0000 -0.0006 0.0035 0.0000 -0.0006 0.0035

4.02 0.96 -0.0005 -0.0004 0.0006 -0.0005 -0.0004 0.0006

8.01 0.95 -0.0009 0.0002 -0.0026 -0.0009 0.0002 -0.0026

11.65 0.93 -0.0010 0.0010 -0.0076 -0.0010 0.0010 -0.0076

0.02 5.98 -0.0031 -0.0006 0.0047 -0.0006 -0.0006 0.0047

4.02 6.03 -0.0037 -0.0003 0.0024 -0.0011 -0.0003 0.0024

8.02 6.03 -0.0042 0.0003 -0.0013 -0.0016 0.0003 -0.0013

11.99 6.05 -0.0045 0.0012 -0.0061 -0.0019 0.0012 -0.0061

0.01 0.95 -0.0002 -0.0007 0.0032 -0.0002 -0.0007 0.0032

0.00 2.00 -0.0017 -0.0006 0.0035 -0.0009 -0.0006 0.0035

0.01 3.18 -0.0021 -0.0006 0.0034 -0.0005 -0.0006 0.0034

-0.01 4.53 -0.0032 -0.0006 0.0037 -0.0008 -0.0006 0.0037

0.01 5.50 -0.0037 -0.0005 0.0042 -0.0008 -0.0005 0.0042

0.00 0.98 -0.0004 -0.0006 0.0031 -0.0004 -0.0006 0.0031

0.00 2.01 -0.0034 -0.0005 0.0042 -0.0018 -0.0005 0.0042

-0.01 3.23 -0.0041 -0.0006 0.0046 -0.0013 -0.0006 0.0046

0.03 4.01 -0.0052 -0.0004 0.0050 -0.0015 -0.0004 0.0050

0.01 4.80 -0.0058 -0.0004 0.0052 -0.0013 -0.0004 0.0052

0.01 5.49 -0.0066 -0.0003 0.0055 -0.0013 -0.0003 0.0055

0.01 0.99 -0.0004 -0.0006 0.0033 -0.0004 -0.0006 0.0033

4.01 1.00 -0.0014 -0.0013 0.0040 -0.0014 -0.0013 0.0040

8.02 0.99 -0.0019 -0.0016 0.0045 -0.0019 -0.0016 0.0045

12.00 1.00 -0.0024 -0.0010 0.0018 -0.0024 -0.0010 0.0018

-0.01 4.78 -0.0058 -0.0004 0.0052 -0.0013 -0.0004 0.0052

4.01 4.81 -0.0066 -0.0008 0.0059 -0.0021 -0.0008 0.0059

8.02 4.84 -0.0069 -0.0013 0.0066 -0.0023 -0.0013 0.0066

11.97 4.86 -0.0074 -0.0015 0.0068 -0.0027 -0.0015 0.0068
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Table 16. Concluded

(b) Concluded

MACH

0.201

0.202

0.203

0.203

0.204

0.203

0.201

0.201

0.201

0.201

0.202

0.202

0.203

0.203

0.203

0.203

ALPHA NPR CR CN CY CRA CNA CYA

0.01 0.99 -0.0020 -0.0001 0.0021 -0.0020 -0.0001 0.0021

0.03 1.54 -0.0096 0.0000 0.0051 0.0000 0.0000 0.0051

0.02 1.95 -0.0153 0.0003 0.0061 -0.0019 0.0003 0.0061

0.02 2.62 -0.0229 0.0008 0.0089 -0.0033 0.0008 0.0089

0.00 3.23 -0.0267 0.0003 0.0119 -0.0016 0.0003 0.0119

0.01 4.04 -0.0347 0.0009 0.0149 -0.0019 0.0009 0.0149

-0.01 1.00 -0.0018 -0.0002 0.0020 -0.0018 -0.0002 0.0020

4.00 1.00 -0.0020 -0.0017 0.0040 -0.0020 -0.0017 0.0040

8.02 1.00 -0.0017 -0.0038 0.0060 -0.0017 -0.0038 0.0060

11.99 1.00 -0.0017 -0.0053 0.0076 -0.0017 -0.0053 0.0076

14.49 1.00 -0.0018 -0.0059 0.0075 -0.0018 -0.0059 0.0075

0.02 3.21 -0.0271 0.0001 0.0122 -0.0019 O.O001 0.0122

4.02 3.21 -0.0274 -0.0021 0.0157 -0.0022 -0.0021 0.0157

8.01 3.20 -0.0285 -0.0037 0.0167 -0.0035 -0.0037 0.0167

12.02 3.20 -0.0286 -0.0058 0.0190 -0.0036 -0.0058 0.0190

14.50 3.20 -0.0284 -0.0069 0.0189 -0.0033 -0.0069 0.0189
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Table 17. Aerodynamic Characteristics for Standard Nozzle With 0 = 30 °,

6v,p,l = 0°, 6v,p,r = 0°, and/3 = 0°

(a) Longitudinal characteristics

MACH

1.200

1.197

1.200

1.199

1.199

1.200

1.199

0.899

0.904

0.902

0.900

0.900

0.901

0.900

0.899

0.902

0.901

0.899

0.899

0.901

0.897

0.900

0.803

0.803

0.801

0.801

0.800

0.602

0.603

0.604

0.599

0.599

0.599

0.599

0.600

0.600

0.600

0.601

0.601

0.600

0.600

0.601

0.599

0.599

0.598

0.602

ALPHA NPR CL CD-F CM CLA CDA

0.00 0.84 -0.0088 0.0218 0.0041 -0.0088 0.0218

0.01 2.01 -0.0096 0.0048 0.0041 -0.0096 0.0191

0.00 3.22 -0.0078 -0.0103 0.0033 -0.0078 0.0193

-0.01 4.00 -0.0081 -0.0202 0.0033 -0.0081 0.0194

0.01 5.52 -0.0087 -0.0411 0.0039 -0.0087 0.0178

0.01 7.30 -0.0092 -0.0651 0.0040 -0.0092 0.0164

0.01 8.01 -0.0094 -0.0755 0.0039 -0.0094 0.0153

0.00 1.02 -0.0121 0.0112 0.0058 -0.0121 0.0112

-0.01 2.01 -0.0064 -0.0165 0.0006 -0.0064 0.0086

-0.01 3.18 -0.0066 -0.0426 0.0001 -0.0066 0.0089

-0.01 3.98 -0.0066 -0.0618 -0.0001 -0.0066 0.0080

-0.01 4.98 -0.0054 -0.0847 -0.0002 -0.0054 0.0077

-0.01 6.01 -0.0059 -0.1084 -0.0001 -0.0059 0.0071

0.00 6.99 -0.0062 -0.1311 -0.0002 -0.0061 0.0067

0.00 1.02 -0.0122 0.0107 0.0058 -0.0122 0.0107

4.01 1.02 -0.0076 0.0106 0.0026 -0.0076 0.0106

7.99 1.04 0.0069 0.0124 -0.0078 0.0069 0.0124

11.49 1.04 0.0149 0.0155 -0.0122 0.0149 0.0155

0.02 5.99 -0.0059 -0.1084 -0.0001 -0.0059 0.0069

4.04 5.98 0.0061 -0.1072 -0.0024 -0.0020 0.0074

7.98 5.99 0.0223 -0.1056 -0.0064 0.0062 0.0092

ii.00 5.95 0.0355 -0.1005 -0.0108 0.0137 0.0117

0.01 1.03 -0.0075 0.0068 0.0020 -0.0075 0.0068

0.01 2.00 -0.0052 -0.0254 0.0000 -0.0052 0.0059

0.01 3.21 -0.0051 -0.0602 -0.0003 -0.0052 0.0057

0.02 4.51 -0.0060 -0.0972 0.0000 -0.0060 0.0061

0.02 5.50 -0.0042 -0.1260 0.0000 -0.0043 0.0056

0.02 1.02 -0.0085 0.0060 0.0013 -0.0085 0.0060

0.01 2.01 -0.0069 -0.0501 0.0003 -0.0069 0.0059

0.02 3.21 -0.0075 -0.1108 0.0008 -0.0075 0.0052

0.00 4.00 -0.0066 -0.1534 0.0008 -0.0066 0.0054

0.02 4.83 -0.0069 -0.1963 0.0015 -0.0070 0.0049

0.02 5.50 -0.0076 -0.2302 0.0016 -0.0076 0.0050

-0.01 1.03 -0.0085 0.0055 0.0013 -0.0085 0.0055

4.01 1.03 -0.0049 0.0054 0.0005 -0.0049 0.0054

7.98 1.03 -0.0007 0.0072 -0.0028 -0.0007 0.0072

11.18 1.03 0.0076 0.0087 -0.0072 0.0076 0.0087

0.02 4.85 -0.0067 -0.1952 0.0015 -0.0067 0.0055

4.01 4.79 0.0074 -0.1925 0.0000 -0.0065 0.0050

7.99 4.78 0.0294 -0.1894 -0.0041 0.0020 0.0060

12.00 4.78 0.0553 -0.1849 -0.0109 0.0141 0.0088

19.99 1.04 0.0345 0.0160 -0.0207 0.0345 0.0160

19.99 1.98 0.0573 -0.0333 -0.0242 0.0382 0.0194

20.00 3.21 0.0786 -0.0922 -0.0257 0.0380 0.0194

20.00 4.78 0.1092 -0.1683 -0.0272 0.0410 0.0192

20.00 5.50 0.1223 -0.1997 -0.0276 0.0428 0.0189

CMA

0.0041

0.0041

0.0033

0.0033

0.0039

0.0040

0.0039

0.0058

0.0006

0.0001

-0.0001

-0.0002

-0.0001

-0.0002

0.0058

0.0026

-0.0078

-0.0122

-0.0001

-0.0024

-0.0064

-0.0108

0.0020

0.0000

-0.0003

0.0000

0.0000

0.0013

0.0003

0.0008

0.0008

0.0015

0.0016

0.0013

0.0005

-0.0028

-0.0072

0.0015

0.0000

-0.0041

-0.0109

-0.0207

-0.0242

-0.0257

-0.0272

-0.0276
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Table 17. Continued

(a) Concluded

MACH

0.200

0.203

0.200

0.201

0.201

0.201

0.200

0.200

0.200

0.200

0.200

0.200

0.200

0.200

0.199

0.199

0.201

0.200

0.200

0.201

0.200

0.200

0.199

0.199

0.199

0.200

0.199

0.201

0.199

0.200

0.200

0.200

0.200

ALPHA

0.00

0.00

0.01

0.02

0.00

0.02

-0.02

4.01

7.98

12.01

14.51

0.01

4.01

7.99

12.01

14.49

12.00

14.47

16.00

20.0O

23.99

26.99

12.00

14.46

16.01

19.99

23.99

26.99

20.01

20.00

20.01

20.01

20.01

NPR CL CD-F CM CLA CDA CMA

0.99 -0.0017 0.0019 -0.0007 -0.0017 0.0019 -0.0007

1.54 -0.0168 -0.2880 -0.0003 -0.0168 -0.0012 -0.0003

2.04 -0.0258 -0.5208 0.0049 -0.0259 0.0023 0.0049

2.63 -0.0327 -0.7798 0.0074 -0.0329 0.0096 0.0074

3.37 -0.0397 -1.1120 0.0095 -0.0398 0.0097 0.0095

4.00 -0.0434 -1.3920 0.0131 -0.0439 0.0102 0.0131

1.00 -0.0026 0.0015 0.0033 -0.0026 0.0015 0.0033

1.00 -0.0032 -0.0013 0.0030 -0.0032 -0.0013 0.0030

1.00 -0.0021 -0.0008 -0.0027 -0.0021 -0.0008 -0.0027

1.00 0.0073 0.0071 -0.0088 0.0073 0.0071 -0.0088

1.00 0.0200 0.0093 -0.0139 0.0200 0.0093 -0.0139

3.20 -0.0389 -1.0490 0.0121 -0.0391 0.0117 0.0121

3.18 0.0506 -1.0390 0.0100 -0.0228 0.0070 0.0100

3.16 0.1323 -1.0240 0.0020 -0.0117 0.0023 0.0020

3.21 0.2163 -1.0410 -0.0032 -0.0065 0.0063 -0.0032

3.19 0.2760 -1.0180 -0.0092 0.0091 0.0144 -0.0092

1.00 0.0028 0.0055 -0.0062 0.0028 0.0055 -0.0062

1.00 0.0196 0.0059 -0.0107 0.0196 0.0059 -0.0107

1.00 0.0253 0.0091 -0.0151 0.0253 0.0091 -0.0151

1.00 0.0385 0.0140 -0.0237 0.0385 0.0140 -0.0237

1.00 0.0464 0.0202 -0.0323 0.0464 0.0202 -0.0323

1.00 0.0669 0.0266 -0.0394 0.0669 0.0266 -0.0394

3.22 0.2163 -1.0420 0.0005 -0.0078 0.0120 0.0005

3.23 0.2824 -1.0260 -0.0043 0.0132 0.0173 -0.0043

3.25 0.3178 -1.0370 -0.0081 0.0162 0.0139 -0.0081

3.20 0.3835 -0.9851 -0.0184 0.0190 0.0169 -0.0184

3.21 0.4879 -0.9483 -0.0316 0.0511 0.0331 -0.0316

3.21 0.5357 -0.9028 -0.0399 0.0572 0.0366 -0.0399

1.01 0.0460 0.0164 -0.0234 0.0460 0.0164 -0.0234

2.01 0.2015 -0.4587 -0.0199 0.0242 0.0285 -0.0199

2.60 0.2919 -0.7238 -0.0169 0.0226 0.0158 -0.0169

3.18 0.3973 -0.9670 -0.0190 0.0375 0.0211 -0.0190

3.99 0.5197 -1.3200 -0.0180 0.0321 0.0189 -0.0180
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Table 17. Continued

(b) Lateral characteristics

MACH

1.200

1.197

1.200

1.199

1.199

1.200

1.199

0.899

0.904

0.902

0.900

0.900

0.901

0.900

0.899

0.902

0.901

0.899

0.899

0.901

0.897

0.900

0.803

0.803

0.801

0.801

0.800

0.602

0.603

0.604

0.599

0.599

0.599

0.599

0.600

0.600

0.600

0.601

0.601

0.600

0.600

0.601

0.599

0.599

0.598

0.602

ALPHA

0.00

0.01

0.00

-0.01

0.01

0.01

0.01

0.00

-0.01

-0.01

-0.01

-0.01

-0.01

0.00

0.00

4.01

7.99

11.49

0.02

4.04

7.98

II.00

0.01

0.01

0.01

0.02

0.02

0.02

0.01

0.02

0.00

0.02

0.02

-0.01

4.01

7.98

11.18

O.02

4.01

7.99

12.00

19.99

19.99

20.00

20.00

20.00

NPR CR CN CY CRA CNA CYA

0.84 0.0000 0.0000 0.0020 0.0000 0.0000 0.0020

2.01 0.0000 0.0000 0.0022 0.0000 0.0000 0.0022

3.22 0.0000 0.0000 0.0021 0.0000 0.0000 0.0021

4.00 0.0000 0.0000 0.0018 0.0000 0.0000 0.0018

5.52 0.0000 0.0000 0.0020 0.0000 0.0000 0.0020

7.30 0.0000 0.0000 0.0019 0.0000 0.0000 0.0019

8.01 0.0000 0.0000 0.0018 0.0000 0.0000 0.0018

1.02 0.0000 0.0000 0.0024 0.0000 0.0000 0.0024

2.01 0.0001 -0.0001 0.0018 0.0001 -0.0001 0.0018

3.18 0.0000 -0.0001 0.0018 0.0000 -0.0001 0.0018

3.98 0.0000 -0.0001 0.0017 0.0000 -0.0001 0.0017

4.98 0.0000 -0.0001 0.0017 0.0000 -0.0001 0.0017

6.01 0.0001 -0.0001 0.0017 0.0001 -0.0001 0.0017

6.99 0.0000 -0.0001 0.0018 0.0000 -0.0001 0.0018

1.02 0.0001 0.0001 0.0018 0.0001 0.0001 0.0018

1.02 -0.0001 -0.0002 0.0029 -0.0001 -0.0002 0.0029

1.04 -0.0001 -0.0003 0.0030 -0.0001 -0.0003 0.0030

1.04 -0.0001 -0.0002 0.0032 -0.0001 -0.0002 0.0032

5.99 0.0001 -0.0001 0.0016 0.0001 -0.0001 0.0016

5.98 0.0000 0.0000 0.0018 0.0000 0.0000 0.0018

5.99 0.0000 0.0001 0.0011 0.0000 0.0001 0.0011

5.95 0.0000 0.0000 0.0017 0.0000 0.0000 0.0017

1.03 0.0002 0.0000 0.0019 0.0002 0.0000 0.0019

2.00 0.0001 -0.0001 0.0019 0.0001 -0.0001 0.0019

3.21 0.0001 -0.0001 0.0019 0.0001 -0.0001 0.0019

4.51 0.0001 -0.0001 0.0019 0.0001 -0.0001 0.0019

5.50 0.0001 -0.0001 0.0018 0.0001 -0.0001 0.0018

1.02 0.0001 0.0000 0.0022 0.0001 0.0000 0.0022

2.01 0.0001 0.0000 0.0010 0.0001 0.0000 0.0010

3.21 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001

4.00 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001

4.83 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001

5.50 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.03 0.0002 0.0001 0.0001 0.0002 0.0001 0.0001

1.03 0.0002 0.0001 0.0000 0.0002 0.0001 0.0000

1.03 0.0002 0.0003 -0.0001 0.0002 0.0003 -0.0001

1.03 0.0002 0.0002 0.0001 0.0002 0.0002 0.0001

4.85 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

4.79 0.0000 0.0001 -0.0001 0.0000 0.0001 -0.0001

4.78 0.0000 0.0003 -0.0004 0.0000 0.0003 -0.0004

4.78 0.0000 0.0002 -0.0004 0.0000 0.0002 -0.0004

1.04 0.0001 0.0005 -0.0019 0.0001 0.0005 -0.0019

1.98 0.0001 0.0002 -0.0018 0.0001 0.0002 -0.0018

3.21 0.0001 0.0002 -0.0014 0.0001 0.0002 -0.0014

4.78 0.0001 0.0002 -0.0015 0.0001 0.0002 -0.0015

5.50 0.0001 0.0003 -0.0017 0.0001 0.0003 -0.0017
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Table 17. Concluded

(b) Concluded

MACH

0.200

0.203

0.200

0.201

0.201

0.201

0.200

0.200

0.200

0.200

0.200

0.200

0.200

0.200

0.199

0.199

0.201

0.200

0.200

0.201

0.200

0.200

0.199

0.199

0.199

0.200

0.199

0.201

0.199

0.200

0.200

0.200

0.200

ALPHA

0.00

0.00

0.01

0.02

0.00

0.02

-0.02

4.01

7.98

12.01

14.51

0.01

4.01

7.99

12.01

14.49

12.00

14.47

16.00

20.00

23.99

26.99

12.00

14.46

16.01

19.99

23.99

26.99

20.01

20.00

20.01

20.01

20.01

NPR CR CN CY CRA CNA CYA

0.99 0.0014 0.0007 -0.0021 0.0014 0.0007 -0.0021

1.54 0.0003 0.0000 -0.0013 0.0003 0.0000 -0.0013

2.04 -0.0002 0.0000 -0.0011 -0.0002 0.0000 -0.0011

2.63 -0.0002 -0.0001 -0.0010 -0.0002 -0.0001 -0.0010

3.37 -0.0001 0.0001 -0.0011 -0.0001 0.0001 -0.0011

4.00 0.0000 0.0000 -0.0023 0.0000 0.0000 -0.0023

1.00 0.0012 0.0007 -0.0031 0.0012 0.0007 -0.0031

1.00 0.0007 0.0009 -0.0030 0.0007 0.0009 -0.0030

1.00 0.0014 0.0008 -0.0031 0.0014 0.0008 -0.0031

1.00 0.0011 0.0006 -0.0018 0.0011 0.0006 -0.0018

1.00 0.0013 0.0001 -0.0005 0.0013 0.0001 -0.0005

3.20 -0.0001 -0.0001 -0.0033 -0.0001 -0.0001 -0.0033

3.18 -0.0001 0.0004 -0.0026 -0.0001 0.0004 -0.0026

3.16 -0.0002 -0.0001 -0.0023 -0.0002 -0.0001 -0.0023

3.21 -0.0002 -0.0003 -0.0011 -0.0002 -0.0003 -0.0011

3.19 0.0002 -0.0004 -0.0013 0.0002 -0.0004 -0.0013

1.00 -0.0001 -0.0001 -0.0087 -0.0001 -0.0001 -0.0087

1.00 -0.0003 0.0001 -0.0055 -0.0003 0.0001 -0.0055

1.00 -0.0001 0.0000 -0.0089 -0.0001 0.0000 -0.0089

1.00 0.0001 0.0003 -0.0092 0.0001 0.0003 -0.0092

1.00 0.0000 0.0007 -0.0095 0.0000 0.0007 -0.0095

1.00 -0.0001 0.0015 -0.0057 -0.0001 0.0015 -0.0057

3.22 -0.0001 -0.0005 0.0000 -0.0001 -0.0005 0.0000

3.23 0.0000 -0.0007 -0.0035 0.0000 -0.0007 -0.0035

3.25 0.0000 -0.0008 -0.0057 0.0000 -0.0008 -0.0057

3.20 0.0001 -0.0007 -0.0057 0.0001 -0.0007 -0.0057

3.21 0.0001 -0.0006 -0.0049 0.0001 -0.0006 -0.0049

3.21 0.0000 -0.0010 -0.0012 0.0000 -0.0010 -0.0012

1.01 -0.0002 0.0001 -0.0013 -0.0002 0.0001 -0.0013

2.01 -0.0001 -0.0004 -0.0047 -0.0001 -0.0004 -0.0047

2.60 -0.0002 -0.0007 0.0000 -0.0002 -0.0007 0.0000

3.18 0.0001 -0.0007 -0.0082 0.0001 -0.0007 -0.0082

3.99 0.0000 -0.0009 -0.0046 0.0000 -0.0009 -0.0046

70



Table 18. Longitudinal Aerodynamic Characteristics for Standard Nozzle With 0 = 30 °

5v,p, l = 10 °, 6v,p,r = 10°, and fl = 0°

MACH

1.202

1.199

1.199

1.200

1.200

1.198

1.199

0.902

0.902

0.903

0.903

0.902

0.902

0.901

0.901

0.897

0.901

0.898

0.901

0.901

0.899

0.900

0.803

0.802

0.802

0.801

0.801

0.603

0.604

0.600

0.601

0.601

0.601

0.602

0.602

0.600

0.599

0.599

0.600

0.600

0.600

ALPHA NPR CL CD-F CM CLA CDA

-0.01 0.81 -0.0086 0.0193 0.0033 -0.0086 0.0193

0.01 2.00 -0.0070 0.0052 0.0017 -0.0098 0.0182

0.00 3.18 -0.0005 -0.0093 -0.0036 -0.0053 0.0180

-0.03 3.99 0.0040 -0.0180 -0.0081 -0.0025 0.0192

-0.02 5.55 0.0090 -0.0370 -0.0125 -0.0001 0.0194

-0.03 7.31 0.0110 -0.0606 -0.0141 -0.0010 0.0178

-0.02 7.97 0.0126 -0.0695 -0.0148 -0.0005 0.0169

0.00 0.95 -0.0128 0.0119 0.0056 -0.0128 0.0119

-0.02 1.98 0.0005 -0.0138 -0.0069 -0.0042 0.0089

-0.01 3.20 0.0059 -0.0391 -0.0113 -0.0027 0.0096

-0.02 3.99 0.0113 -0.0561 -0.0160 -0.0002 0.0096

-0.02 4.99 0.0173 -0.0780 -0.0204 0.0028 0.0097

-0.03 6.00 0.0219 -0.1005 -0.0240 0.0045 0.0093

-0.03 7.01 0.0269 -0.1231 -0.0273 0.0066 0.0089

0.01 0.97 -0.0113 0.0117 0.0054 -0.0113 0.0117

4.01 0.98 -0.0090 0.0113 0.0034 -0.0090 0.0113

7.98 1.00 -0.0015 0.0118 -0.0017 -0.0015 0.0118

10.04 0.99 0.0009 0.0127 -0.0018 0.0009 0.0127

0.00 6.01 0.0218 -0.1009 -0.0240 0.0043 0.0093

4.01 5.99 0.0327 -0.0986 -0.0262 0.0076 0.0098

8.01 5.99 0.0484 -0.0948 -0.0306 0.0157 0.0119

10.22 5.96 0.0576 -0.0899 -0.0334 0.0211 0.0148

0.01 0.99 -0.0093 0.0104 0.0031 -0.0093 0.0104

-0.02 2.01 0.0081 -0.0212 -0.0123 0.0020 0.0082

-0.03 3.21 0.0129 -0.0532 -0.0169 0.0020 0.0087

-0.02 4.49 0.0234 -0.0888 -0.0245 0.0069 0.0086

-0.02 5.49 0.0280 -0.1168 -0.0287 0.0079 0.0082

0.01 1.00 -0.0047 0.0075 0.0001 -0.0047 0.0075

-0.02 2.00 0.0224 -0.0435 -0.0241 0.0118 0.0079

-0.04 3.20 0.0276 -0.1030 -0.0298 0.0083 0.0072

-0.01 4.00 0.0364 -0.1411 -0.0358 0.0103 0.0077

-0.03 4.79 0.0410 -0.1809 -0.0406 0.0097 0.0070

-0.03 5.48 0.0454 -0.2157 -0.0443 0.0097 0.0058

0.01 1.01 -0.0045 0.0073 0.0003 -0.0045 0.0073

4.01 1.02 0.0090 0.0076 -0.0102 0.0090 0.0076

7.97 1.02 0.0136 0.0106 -0.0132 0.0136 0.0106

12.02 1.02 0.0254 0.0160 -0.0197 0.0254 0.0160

0.00 4.77 0.0413 -0.1810 -0.0408 0.0098 0.0071

4.00 4.82 0.0583 -0.1788 -0.0429 0.0136 0.0082

7.99 4.66 0.0780 -0.1643 -0.0460 0.0224 0.0118

12.03 4.67 0.1023 -0.1540 -0.0539 0.0343 0.0182

CMA

0.0033

0.0043

0.0009

-0.0023

-0.0047

-0.0041

-0.0040

0.0056

-0.0025

-0.0034

-0.0059

-0.0080

-0.0093

-0.0103

0.0054

0.0034

-0.0017

-0.0018

-0.0092

-0.0114

-0.0158

-0.0187

0.0031

-0.0067

-0.0069

-0.0101

-0.0115

0.0001

-0.0142

-0.0119

-0.0128

-0.0135

-0.0138

0.0003

-0.0102

-0.0132

-0.0197

-0.0137

-0.0157

-0.0195

-0.0274
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Table 18. Concluded

MACH

0.198

0.199

0.200

0.200

0.201

0.201

0.200

0.200

0.200

0.201

0.201

0.200

0.200

0.200

0.200

0.200

ALPHA

0.00

-0.02

-0.02

-0.03

-0.02

-0.02

0.01

4.00

7.98

12.01

14.49

-0.01

4.01

7.98

12.01

14.50

NPR

1.01

1.49

2.01

2.61

3.18

3.95

1.01

1.01

1.00

1.00

1.00

3.20

3.20

3.18

3.19

3.19

CL CD-F CM CLA CDA CMA

-0.0005

0.0541

0.1237

0.1210

0.1837

0.2445

0.0007

-0.0013

0.0234

0.0233

0.0330

0.1866

0.2517

0.3447

0.4089

0.4673

0.0080 -0.0063

-0.2444 -0.0586

-0.4623 -0.1150

-0.7202 -0.1244

-0.9559 -0.1731

-1.2990 -0.2150

0.0081 -0.0035

0.0063 -0.0073

0.0095 -0.0132

0.0159 -0.0199

0.0227 -0.0258

-0.9752 -0.1734

-0.9565 -0.1752

-0.9218 -0.1803

-0.8964 -0.1881

-0.8702 -0.1968

-0.0005

0.0093

0.0249

-0.0028

0.0121

0.0137

0.0007

-0.0013

0.0234

0.0233

0.0330

0.0119

0.0079

0.0366

0.0336

0.0531

0.0080

0.0068

0.0124

0.0086

0.0190

0.0131

0.0081

0.0063

0.0095

0.0159

0.0227

0.0153

O.02OO

0.0276

0.0320

0.0382

-0.0063

-0.0208

-0.0233

-0.0120

-0.0148

-0.0109

-0.0035

-0.0073

-0.0132

-0.0199

-0.0258

-0.0124

-0.0141

-0.0207

-0.0279

-0.0371
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Table 19. Aerodynamic Characteristics for Standard Nozzle With _ = 30 °,

_v,p,l = 200, _v,p,r - 20°, and fl = 0°

MACH

(a) Longitudinalcharacteristics

ALPHA NPR CL CD-F CM CLA CDA CMA

1.202

1.198

1.199

1.199

1.200

1.200

1.200

1.200

0.901

0.904

0.899

0.898

0.900

0.899

0.899

0.899

0.900

0.902

0.899

0.899

0.899

0.899

0.903

0.900

0.799

0.799

0.801

0.802

0.802

0.601

0.603

0.602

0.602

0.602

0.601

0.602

0.601

0.601

0.601

0.602

0.599

0.599

0.599

0.604

0.602

0.599

0.601

0.600

0.598

0.598

-0.01 0.77 0.0047 0.0184 -0.0063 0.0047 0.0184

-0.01 2.03 0.0068 0.0043 -0.0088 0.0016 0.0160

-0.03 3.22 0.0136 -0.0078 -0.0145 0.0041 0.0171

-0.01 3.98 0.0179 -0.0158 -0.0180 0.0057 0.0177

-0.03 5.51 0.0264 -0.0325 -0.0251 0.0098 0.0185

-0.01 6.19 0.0311 -0.0402 -0.0289 0.0125 0.0187

-0.04 7.31 0.0357 -0.0531 -0.0330 0.0138 0.0188

-0.04 7.99 0.0380 -0.0615 -0.0349 0.0141 0.0184

0.01 0.95 -0.0026 0.0110 -0.0011 -0.0026 0.0110

-0.02 2.01 0.0197 -0.0097 -0.0200 0.0108 0.0107

-0.01 3.00 0.0202 -0.0299 -0.0208 0.0047 0.0098

-0.02 3.21 0.0236 -0.0335 -0.0238 0.0068 0.0105

-0.03 4.00 0.0357 -0.0484 -0.0332 0.0140 0.0113

-0.03 5.00 0.0451 -0.0686 -0.0414 0.0182 0.0119

-0.03 6.03 0.0552 -0.0891 -0.0485 0.0229 0.0126

-0.04 7.02 0.0635 -0.1097 -0.0548 0.0260 0.0124

0.01 0.95 -0.0026 0.0107 -0.0011 -0.0026 0.0107

4.01 0.95 0.0022 0.0115 -0.0049 0.0022 0.0115

7.98 0.95 0.0099 0.0145 -0.0103 0.0099 0.0145

10.26 0.94 0.0164 0.0172 -0.0140 0.0164 0.0172

-0.05 6.03 0.0548 -0.0897 -0.0485 0.0225 0.0120

3.99 5.99 0.0674 -0.0828 -0.0535 0.0282 0.0156

7.97 6.15 0.0842 -0.0770 -0.0611 0.0374 0.0208

10.43 6.05 0.0953 -0.0691 -0.0655 0.0450 0.0253

0.01 0.96 -0.0006 0.0101 -0.0028 -0.0006 0.0101

-0.03 2.01 0.0291 -0.0149 -0.0279 0.0176 0.0112

-0.01 3.20 0.0317 -0.0449 -0.0309 0.0105 0.0102

-0.02 4.50 0.0516 -0.0763 -0.0465 0.0209 0.0120

-0.04 5.51 0.0627 -0.1021 -0.0550 0.0255 0.0124

-0.02 0.99 0.0104 0.0100 -0.0123 0.0104 0.0100

-0.03 1.99 0.0546 -0.0329 -0.0488 0.0349 0.0121

-0.03 3.21 0.0598 -0.0878 -0.0537 0.0220 0.0106

-0.03 4.00 0.0786 -0.1227 -0.0686 0.0301 0.0109

-0.03 4.77 0.0890 -0.1569 -0.0777 0.0316 0.0118

-0.03 5.50 0.i010 -0.1918 -0.0856 0.0349 0.0111

0.01 0.99 0.0002 0.0083 -0.0042 0.0002 0.0083

4.00 0.99 0.0142 0.0112 -0.0149 0.0142 0.0112

7.98 0.99 0.0332 0.0183 -0.0284 0.0332 0.0183

10.60 0.99 0.0392 0.0229 -0.0334 0.0392 0.0229

-0.03 4.82 0.0914 -0.1596 -0.0780 0.0334 0.0115

3.99 4.81 0.1084 -0.1527 -0.0819 0.0380 0.0152

7.99 4.81 0.1301 -0.1413 -0.0881 0.0481 0.0212

10.52 4.81 0.1430 -0.1326 -0.0935 0.0540 0.0260

16.01 0.99 0.0587 0.0331 -0.0439 0.0587 0.0331

19.97 0.99 0.0693 0.0431 -0.0530 0.0693 0.0431

19.99 0.98 0.0687 0.0430 -0.0532 0.0687 0.0430

19.95 2.03 0.1210 0.0153 -0.0881 0.0848 0.0518

19.95 3.21 0.1482 -0.0339 -0.0960 0.0785 0.0439

19.95 4.80 0.1987 -0.0925 -0.1200 0.0843 0.0508

19.93 5.50 0.2208 -0.1212 -0.1279 0.0865 0.0502

-0.0063

-0.0043

-0.0065

-0.0077

-0.0112

-0.0133

-0.0148

-0.0150

-0.0011

-0.0123

-0.0076

-0.0095

-0.0149

-0.0187

-0.0214

-0.0236

-0.0011

-0.0049

-0.0103

-0.0140

-0.0214

-0.0266

-0.0338

-0.0384

-0.0028

-0.0180

-0.0130

-0.0207

-0.0238

-0.0123

-0.0318

-0.0218

-0.0275

-0.0294

-0.0302

-0.0042

-0.0149

-0.0284

-0.0334

-0.0292

-0.0327

-0.0389

-0.0443

-0.0439

-0.0530

-0.0532

-0.0698

-0.0625

-0.0701

-0.0710
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Table 19. Continued

(a) Concluded

MACH ALPHA NPR CL CD-F CM CLA CDA CMA

0.201 0.01 0.99 -0.0026

0.202 -0.02 1.49 0.0975

0.202 -0.02 2.00 0.1922

0.202 -0.02 2.59 0.2871

0.202 -0.02 3.20 0.3414

0.203 -0.01 3.98 0.4443

0.202 0.02 1.00 -0.0013

0.202 4.00 1.00 0.0276

0.202 8.02 1.00 0.0282

0.202 12.00 1.00 0.0507

0.202 14.50 1.00 0.0479

0.201 -0.01 3.19 0.3532

0.201 4.01 3.20 0.4101

0.201 8.01 3.20 0.4916

0.201 12.00 3.20 0.5475

0.201 14.54 3.20 0.5796

0.199 12.02 1.00 0.0362

0.199 14.48 1.00 0.0559

0.200 16.01 1.00 0.0587

0.199 20.01 1.00 0.0725

0.199 24.02 1.00 0.0931

0.200 26.98 1.00 0.0947

0.200 11.97 3.18 0.5620

0.198 14.49 3.20 0.6123

0.201 16.01 3.20 0.6152

0.200 20.01 3.20 0.6908

0.200 24.00 3.21 0.7591

0.200 26.98 3.21 0.7915

0.198 20.02 1.00 0.0808

0.199 19.96 1.98 0.4051

0.200 19.96 2.57 0.5703

0.200 19.96 3.18 0.6858

0.201 19.98 4.03 0.8969

0.0060 -0.0122 -0.0026 0.0060 -0.0122

-0.2100 -0.1044 0.0147 0.0011 -0.0318

-0.3882 -0.1883 0.0161 0.0132 -0.0369

-0.6095 -0.2594 0.0313 0.0133 -0.0417

-0.8534 -0.3057 0.0086 0.0136 -0.0238

-1.1570 -0.3855 0.0179 0.0127 -0.0250

0.0057 -0.0100 -0.0013 0.0057 -0.0100

0.0062 -0.0233 0.0276 0.0062 -0.0233

0.0165 -0.0270 0.0282 0.0165 -0.0270

0.0231 -0.0379 0.0507 0.0231 -0.0379

0.0321 -0.0435 0.0479 0.0321 -0.0435

-0.8533 -0.3062 0.0193 0.0150 -0.0234

-0.8300 -0.3097 0.0156 0.0143 -0.0266

-0.7916 -0.3168 0.0381 0.0250 -0.0331

-0.7533 -0.3267 0.0381 0.0299 -0.0429

-0.7204 -0.3331 0.0375 0.0376 -0.0501

0.0231 -0.0330 0.0362 0.0231 -0.0330

0.0263 -0.0377 0.0559 0.0263 -0.0377

0.0235 -0.0416 0.0587 0.0235 -0.0416

0.0362 -0.0547 0.0725 0.0362 -0.0547

0.0492 -0.0636 0.0931 0.0492 -0.0636

0.0523 -0.0674 0.0947 0.0523 -0.0674

-0.7610 -0.3279 0.0417 0.0128 -0.0287

-0.7538 -0.3418 0.0472 0.0120 -0.0368

-0.7187 -0.3387 0.0441 0.0139 -0.0411

-0.6665 -0.3522 0.0664 0.0286 -0.0529

-0.6094 -0.3635 0.0844 0.0440 -0.0627

-0.5743 -0.3712 0.0837 0.0431 -0.0704

0.0413 -0.0521 0.0808 0.0413 -0.0521

-0.2553 -0.2394 0.0897 0.0639 -0.0801

-0.4353 -0.3087 0.1049 0.0647 -0.0758

-0.6568 -0.3480 0.0686 0.0307 -0.0515

-0.9426 -0.4379 0.0781 0.0537 -0.0636
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MACH

1.202
1.198
1.199
1.199
1.200
1.200
1.200
1.200
0.901
0.904
0.899
0.898
0.900
0.899
0.899
0.899
0.900
0.902
0.899
0.899
0.899
0.899
0.903
0.900
0.799
0.799
0.801
0.802
0.802
0.601
0.603
0.602
0.602
0.602
0.601
0.602
0.601
0.601
0.601
0.602
0.599
0.599
0.599
0.604
0.602
0.599
0.601
0.600
0.598
0.598

ALPHA

-0.01
-0.01
-0.03
-0.01
-0.03
-0.01
-0.04
-0.04
0.01

-0.02
-0.01
-0.02
-0.03
-0.03
-0.03
-0.04
0.01
4.01
7.98

10.26
-0.05

3.99
7.97

10.43
0.01

-0.03
-0.01
-0.02
-0.04
-0.02
-0.03
-0.03
-0.03
-0.03
-0.03
0.01
4.00
7.98

10.60
-0.03

3.99
7.99

10.52
16.01
19.97
19.99
19.95
19.95
19.95
19.93

NPR

Table 19. Continued

(b) Lateral characteristics

CR CN CY CRA CNA CYA

0.77 0.0001 0.0001 0.0024 0.0001 0.0001 0.0024

2.03 0.0001 0.0000 0.0024 0.0001 0.0000 0.0024

3.22 0.0001 0.0000 0.0028 0.0001 0.0000 0.0028

3.98 0.0001 0.0000 0.0033 0.0001 0.0000 0.0033

5.51 0.0001 0.0000 0.0035 0.0001 0.0000 0.0035

6.19 0.0001 -0.0001 0.0048 0.0001 -0.0001 0.0048

7.31 0.0001 0.0000 0.0045 0.0001 0.0000 0.0045

7.99 0.0002 0.0000 0.0046 0.0002 0.0000 0.0046

0.95 0.0001 0.0002 0.0012 0.0001 0.0002 0.0012

2.01 0.0002 0.0002 0.0018 0.0002 0.0002 0.0018

3.00 0.0002 9.0000 0.0028 0.0002 0.0000 0.0028

3.21 0.0002 0.0001 0.0026 0.0002 0.0001 0.0026

4.00 0.0002 0.0001 0.0029 0.0002 0.0001 0.0029

5.00 0.0003 0.0002 0.0035 0.0003 0.0002 0.0035

6.03 0.0003 0.0002 0.0039 0.0003 0.0002 0.0039

7.02 0.0003 0.0002 0.0039 0.0003 0.0002 0.0039

0.95 0.0001 0.0002 0.0011 0.0001 0.0002 0.0011

0.95 0.0002 0.0003 0.0000 0.0002 0.0003 0.0000

0.95 0.0002 0.0005 -0.0004 0.0002 0.0005 -0.0004

0.94 0.0002 0.0005 -0.0003 0.0002 0.0005 -0.0003

6.03 0.0003 0.0002 0.0037 0.0003 0.0002 0.0037

5.99 0.0003 0.0004 0.0030 0.0003 0.0004 0.0030

6.15 0.0003 0.0005 0.0025 0.0003 0.0005 0.0025

6.05 0.0003 0.0005 0.0034 0.0003 0.0005 0.0034

0.96 0.0002 0.0003 -0.0004 0.0002 0.0003 -0.0004

2.01 0.0003 0.0003 0.0011 0.0003 0.0003 0.0011

3.20 0.0002 0.0001 0.0013 0.0002 0.0001 0.0013

4.50 0.0003 0.0003 0.0028 0.0003 0.0003 0.0028

5.51 0.0004 0.0004 0.0027 0.0004 0.0004 0.0027

0.99 0.0008 0.0022 -0.0050 0.0008 0.0022 -0.0050

1.99 0.0004 0.0004 0.0003 0.0004 0.0004 0.0003

3.21 0.0004 0.0007 -0.0005 0.0004 0.0007 -0.0005

4.00 0.0005 0.0006 0.0014 0.0005 0.0006 0.0014

4.77 0.0004 0.0004 0.0021 0.0004 0.0004 0.0021

5.50 0.0005 0.0004 0.0030 0.0005 0.0004 0.0030

0.99 0.0001 0.0005 -0.0009 0.0001 0.0005 -0.0009

0.99 0.0007 0.0024 -0.0073 0.0007 0.0024 -0.0073

0.99 0.0002 0.0006 -0.0011 0.0002 0.0006 -0.0011

0.99 0.0002 0.0004 -0.0007 0.0002 0.0004 -0.0007

4.82 0.0005 0.0004 0.0015 0.0005 0.0004 0.0015

4.81 0.0004 0.0004 0.0026 0.0004 0.0004 0.0026

4.81 0.0004 0.0005 0.0021 0.0004 0.0005 0.0021

4.81 0.0003 0.0004 0.0039 0.0003 0.0004 0.0039

0.99 0.0000 0.0004 -0.0003 0.0000 0.0004 -0.0003

0.99 0.0002 0.O011 -0.0030 0.0002 0.0011 -0.0030

0.98 0.0002 0.0012 -0.0032 0.0002 0.0012 -0.0032

2.03 0.0002 0.0007 0.0009 0.0002 0.0007 0.0009

3.21 0.0002 0.0010 0.0006 0.0002 0.0010 0.0006

4.80 0.0003 0.0009 0.0027 0.0003 0.0009 0.0027

5.50 0.0003 0.0008 0.0031 0.0003 0.0008 0.0031
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Table 19. Concluded

(b) Concluded

MACH

0.201

0.202

0.202

0.202

0.202

0.203

0.202

0.202
0.202

0.202

0.202

0.201

0.201

0.201

0.201

0.201

0.199
0.199

O.20O

0.199

0.199

0.200

0.200

0.198

0.201
0.200
0.200
0.200
0.198
0.199
0.200
0.200
0.201

ALPHA

0.01
-0.02
-0.02
-0.02
-0.02
-0.01

0.02
4.00
8.02

12.00
14.50

-0.01

4.01

8.01

12.00
14.54

12.02

14.48

16.01

20.01

24.02
26.98

11.97

14.49

16.01

20.01

24.00

26.98

20.02

19.96
19.96

19.96

19.98

NPR

0.99

1.49

2.00

2.59

3.20

3.98

I.O0

1.00

I.O0
1.O0

I.O0

3.19

3.20

3.20

3.20

3.20

1.00

1.00
1.00
1.00

1.00

1.O0

3.18

3.20

3.20

3.20
3.21

3.21

I.O0

1.98

2.57

3.18

4.03

CR CN CY CRA CNA CYA

0.0004

0.0006

0.0008

0.0010

0.0010

0.0011

0.0006

0.0004
0.0003

0.0003

0.0003

0.0012

0.0012

0.0009

0.0008

0.0007
-0.0004

-0.0005

-0.0005

-0.0005

-0.0003

-0.0003

0.0002

0.0003
0.0000

0.0003
0.0003

0.0001

-0.0006

-0.0001

0.0001
0.0002

0.0002

0.0027

-0.0003
-0.0012

-0.0011

-0.0004

-0.0002

0.0025

0.0008

0.0006

0.0007

0.0008

-0.0004

-0.0005

-0.0006

-0.0006
-0.0007

0.0006

0.0006

0.0005

0.0006

0.0009
0.0022

-0.0005

-0.0007

-0.0007

-0.0004

0.0001

0.0000

-0.0001
-0.0014

-0.0016

-0.0004

-0.0002

-0.0070

-0.0043

-0.0049

-0.0042

0.0051

0.0123

-0.0124

-0.0081

-0.0047

-0.0050
-0.0049

-0.0049

-0.0058

0.0061

0.0117

0.0118

-0.0001

-0.0003

-0.0002

0.0009
-0.0008

-0.0049

0.0088

0.0079

0.0180

0.0109

0.0059

0.0129
0.0000

0.0015

0.0048

0.0097

0.0208

0.0004

0.0006

0.0008

0.0010

0.0010

0.0011

0.0006

0.0004

0.0003
0.0003

0.0003

0.0012

0.0012

0.0009

0.0008

0.0007

-0.0004
-0.0005

-0.0005

-O.O005

-0.0003

-0.0003

0.0002

0.0003

0.0000

O.OOO3

O.OOO3
0.O001

-O.OO06

-0.0001

0.0001

0.0002

0.0002

0.0027

-0.0003

-0.0012

-0.0011

-0.0004

-0.0002

0.0025

0.0008
0.0006

0.0007

0.0008

-0.0004

-0.0005

-0.0006

-0.0006

-0.0007

0.0006
0.0006

0.0005

0.0006

0.0009

0.0022

-0.0005
-0.0007

-0.0007

-0.0004

0.0001
0.0000

-0.0001
-0.0014

-0.0016

-0.0004

-0.0002

-0.0070

-0.0043

-0.0049

-0.0042

0.0051

0.0123
-0.0124

-0.0081

-0.0047

-0.0050

-0.0049

-0.0049

-0.0058

0.0061

0.0117
0.0118

-0.0001

-0.0003

-0.0002

0.0009

-0.0008

-0.0049

0.0088
0.0079

0.0180

0.0109

0.0059

O.0129

0.0000

0.0015

0.0048
0.0097

0.0208
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Table 20. Longitudinal Aerodynamic Characteristics for Standard Nozzle With 0 = 30 °,

5v,p,I = 30 °, _v,p,r = 30 °, and/3 = 0°

MACH

0.898

0.900

0.896

0.899

0.900

0.899

0.899

0.897

0.901

0.898

0.900

0.898

0.900

0.903

0.895

0.799

0.800

0.799

0.800

0.799

0.603

0.600

0.600

0.601

0.601

0.600

0.600

0.600

0.600

0.600

0.600

0.601

0.595

0.600

ALPHA NPR CL CD-F CM CLA CDA CMA

-0.02 0.91 0.0141 0.0140 -0.0155 0.0141 0.0140

-0.01 2.02 0.0405 -0.0004 -0.0373 0.0296 0.0161

-0.04 3.17 0.0582 -0.0164 -0.0525 0.0361 0.0186

-0.04 4.02 0.0663 -0.0313 -0.0586 0.0348 0.0166

-0.05 4.99 0.0766 -0.0478 -0.0686 0.0390 0.0182

-0.05 5.98 0.0881 -0.0647 -0.0778 0.0441 0.0200

-0.04 7.00 0.0986 -0.0837 -0.0869 0.0481 0.0204

0.01 0.92 0.0149 0.0150 -0.0162 0.0149 0.0150

4.01 0.91 0.0221 0.0191 -0.0216 0.0221 0.0191

7.97 0.89 0.0327 0.0258 -0.0299 0.0327 0.0258

12.00 0.87 0.0445 0.0334 -0.0375 0.0445 0.0334

-0.05 6.01 0.0894 -0.0658 -0.0785 0.0451 0.0198

3.95 6.03 0.1024 -0.0556 -0.0856 0.0524 0.0266

7.98 6.05 0.1174 -0.0434 -0.0934 0.0619 0.0349

10.73 6.00 0.1304 -0.0340 -0.1003 0.0706 0.0422

0.01 0.93 0.0162 0.0143 -0.0163 0.0162 0.0143

1.09 2.02 0.0593 0.0021 -0.0523 0.0452 0.0224

0.92 3.23 0.0865 -0.0179 -0.0750 0.0569 0.0269

0.89 4.48 0.0907 -0.0503 -0.0794 0.0460 0.0204

0.81 5.48 0.1033 -0.0731 -0.0888 0.0501 0.0216

0.06 0.96 0.0184 0.0139 -0.0170 0.0184 0.0139

-0.26 2.02 0.0828 -0.0123 -0.0732 0.0587 0.0244

-0.42 3.23 0.1170 -0.0536 -0.1030 0.0665 0.0271

-0.46 3.97 0.1258 -0.0848 -0.1107 0.0567 0.0212

-0.50 4.77 0.1342 -0.I196 -0.1179 0.0540 0.0199

-0.54 5.50 0.1444 -0.1516 -0.1268 0.0537 0.O196

0.04 0.98 0.0146 0.0137 -0.0165 0.0146 0.0137

3.99 0.97 0.0332 0.0216 -0.0313 0.0332 0.0216

7.97 0.97 0.0496 0.0313 -0.0441 0.0496 0.0313

12.07 0.96 0.0524 0.0367 -0.0450 0.0524 0.0367

0.86 4.81 0.1381 -0.1166 -0.1200 0.0540 0.0226

4.01 4.82 0.1528 -0.1066 -0.1244 0.0613 0.0278

7.97 4.80 0.1719 -0.0935 -0.1332 0.0697 0.0360

11.60 4.81 0.1920 -0.0748 -0.1410 0.0829 0.0470

-0.0155

-0.0273

-0.0328

-0.0307

-0.0357

-0.0396

-0.0432

-0.0162

-0.0216

-0.0299

-0.0375

-0.0400

-0.0472

-0.0551

-0.0615

-0.0163

-0.0398

-0.0494

-0.0410

-0.0436

-0.0170

-0.0510

-0.0575

-0.0489

-0.0465

-0.0464

-0.0165

-0.0313

-0.0441

-0.0450

-0.0481

-0.0526

-0.0602

-0.0688
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Table 20. Concluded

MACH

0.199

0.200

0.200

0.200

0.200

0.201

0.200

0.200

0.200

0.201

0.201

0.201

0.201

0.201

0.201

0.201

ALPHA NPR CL CD-F CM CLA CDA CMA

-0.01

-0.09

-0.15

-0.23

-0.28

-0.40

-0.03

3.97

7.96

12.05

14.50

0.00

3.99

8.0O

12.02

14.47

0.99

1.53

2.01

2.61

3.18

3.98

I.O0

1.00

1.00

i.00

1.00

3.19

3.20

3.19

3.19

3.20

0.0223

0.1444

0.2640

0.4013

0.5029

0.6750

0.0222

0.0302

0.0506

0.0678

0.0700

0.5039

0.5640

0.6189

0.6799

0.7065

0.0135 -0.0232

-0.1620 -0.1497

-0.2895 -0.2528

-0.4847 -0.3605

-0.6686 -0.4538

-0.9198 -0.6007

0.0133 -0.0232

0.0227 -0.0347

0.0276 -0.0435

0.0439 -0.0509

0.0466 -0.0562

-0.6623 -0.4525

-0.6228 -0.4580

-0.5706 -0.4645

-0.5143 -0.4782

-0.4806 -0.4885

0.0223

0.0319

0.0474

0.0565

0.0618

0.0556

0.0222

0.0302

0.0506

0.0678

0.0700

0.0597

0.0713

0.0811

0.0975

0.0973

0.0135

0.0203

0.0388

0.0247

0.0390

0.0290

0.0133

0.0227

0.0276

0.0439

0.0466

0.0410

0.0483

0.0638

0.0824

0.0922

-0.0232

-0.0440

-0.0545

-0.0475

-0.0564

-0.0474

-0.0232

-0.0347

-0.0435

-0.0509

-0.0562

-0.0558

-0.0609

-0.0679

-0.0805

-0.0897
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Table 21. Longitudinal Aerodynamic Characteristics for Standard Nozzle With 0 = 30 °,

_v,p,l =- -200, _v,p,r : -200, and t3 = 0 °

MACH

1.200

1.197

1.200

1.200

1.200

1.200

1.199

0.898

0.900

0.899

0.901

0.901

0.899

0.901

0.900

0.899

0.899

0.896

0.897

0.900

0.900

0.900

0.803

0.801

0.802

0.8O3

0.803

0.598

0.599

0.600

0.601

0.602

0.602

0.601

0.602

0.603

0.601

0.601

0.601

0.601

0.600

ALPHA NPR CL CD-F CM CLA CDA

0.04 0.76 -0.0219 0.0243 0.0160 -0.0219 0.0243

0.03 2.01 -0.0221 0.0080 0.0148 -0.0172 0.0192

0.05 3.20 -0.0324 -0.0029 0.0242 -0.0227 0.0212

0.14 4.01 -0.0393 -0.0099 0.0300 -0.0268 0.0236

0.07 5.51 -0.0459 -0.0276 0.0356 -0.0283 0.0232

0.07 7.30 -0.0515 -0.0501 0.0398 -0.0279 0.0213

0.05 8.00 -0.0524 -0.0592 0.0409 -0.0264 0.0204

0.03 0.98 -0.0061 0.0116 0.0000 -0.0061 0.0116

0.i0 2.00 -0.0308 -0.0066 0.0211 -0.0222 0.0130

0.04 3.18 -0.0322 -0.0307 0.0229 -0.0150 0.0119

0.06 4.02 -0.0432 -0.0464 0.0314 -0.0208 0.0131

0.05 5.01 -0.0510 -0.0664 0.0386 -0.0228 0.0133

0.05 6.00 -0.0606 -0.0865 0.0453 -0.0264 0.0140

0.08 7.01 -0.0683 -0.1072 0.0517 -0.0283 0.0137

0.01 0.98 -0.0063 0.Olll -0.0001 -0.0063 0.0111

4.01 0.98 -0.0023 0.0118 -0.0028 -0.0023 0.0118

8.03 0.97 0.0029 0.0137 -0.0049 0.0029 0.0137

Ii. I0 0.96 0.0110 0.0162 -0.0095 0.0110 0.0162

0.07 6.00 -0.0609 -0.0876 0.0456 -0.0266 0.0133

4.04 6.03 -0.0475 -0.0910 0.0414 -0.0203 0.0120

8.06 6.00 -0.0320 -0.0922 0.0370 -0.0121 0.0120

11.23 6.04 -0.0157 -0.0927 0.0310 -0.0015 0.0131

0.01 0.97 -0.0126 0.0118 0.0050 -0.0126 0.0118

0.02 2.00 -0.0426 -0.0106 0.0314 -0.0317 0.0142

0.04 3.21 -0.0441 -0.0416 0.0331 -0.0222 O.0126

0.06 4.51 -0.0616 -0.0742 0.0466 -0.0298 0.0134

0.06 5.51 -0.0723 -0.0997 0.0543 -0.0330 0.0135

0.03 1.00 -0.0252 0.0115 0.0159 -0.0252 0.0115

0.06 2.02 -0.0690 -0.0297 0.0507 -0.0493 0.O151

0.04 3.20 -0.0762 -0.0847 0.0576 -0.0373 0.0118

0.06 4.00 -0.0922 -0.1201 0.0707 -0.0421 0.0129

0.05 4.80 -0.i034 -0.1561 0.0798 -0.0429 0.0131

0.07 5.48 -0.1138 -0.1876 0.0874 -0.0444 0.0129

0.03 1.00 -0.0283 0.0115 0.0176 -0.0283 0.0115

4.03 1.01 -0.0213 0.0098 0.0132 -0.0213 0.0098

8.03 1.01 -0.0169 0.0096 0.0100 -0.0169 0.0096

10.68 1.00 -0.0104 0.0101 0.0068 -0.0104 0.0101

0.05 4.78 -0.1035 -0.1559 0.0801 -0.0431 0.0129

4.06 4.82 -0.0875 -0.1646 0.0772 -0.0388 0.0096

8.03 4.78 -0.0674 -0.1671 0.0719 -0.0309 0.0087

11.24 4.81 -0.0481 -0.1721 0.0673 -0.0214 0.0071

CMA

0.0160

0.0104

0.0158

0.0191

0.0207

0.0202

0.0194

0.0000

0.0133

0.0080

0.0121

0.0146

0.O165

0.0182

-0.0001

-0.0028

-0.0049

-0.0095

0.0167

0.0126

0.0083

0.0021

0.0050

0.0216

0.0142

0.0193

0.0211

0.0159

0.0330

0.0240

0.0273

0.0282

0.0286

0.0176

0.0132

0.0100

0.0068

0.0286

0.0253

0.0203

0.0154
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Table 21. Concluded

MACH

0.203

0.201

0.201

0.202

0.203

0.203

0.202

0.202

0.203

0.202

0.203

0.200

0.200

0.200

0.200

0.199

ALPHA NPR CL CD-F CM CLA CDA CMA

0.02 1.00 -0.0373 0.0124 0.0187 -0.0373 0.O124 0.0187

0.02 1.50 -0.1348 -0.2001 0.1057 -0.0475 0.0134 0.0253

0.04 1.99 -0.2462 -0.3690 0.1940 -0.0766 0.0164 0.0414

0.04 2.62 -0.3323 -0.6112 0.2761 -0.0653 0.0185 0.0454

0.04 3.19 -0.3769 -0.8359 0.3199 -0.0361 0.0084 0.0253

0.07 4.02 -0.4930 -1.1580 0.4122 -0.0524 0.0151 0.0307

0.00 1.00 -0.0383 O.Oll8 0.0219 -0.0383 0.0118 0.0219

4.03 1.00 -0.0377 0.0069 0.0212 -0.0377 0.0069 0.0212

8.02 1.00 -0.0248 0.0048 0.0184 -0.0248 0.0048 0.0184

12.03 1.00 -0.0145 0.0075 0.0092 -0.0145 0.0075 0.0092

14.52 1.00 -0.0165 0.0103 0.0078 -0.0165 0.0103 0.0078

0.05 3.20 -0.3868 -0.8641 0.3289 -0.0363 0.0050 0.0258

4.02 3.20 -0.3247 -0.8841 0.3271 -0.0354 0.0066 0.0242

8.07 3.20 -0.2396 -0.8995 0.3203 -0.0147 0.0056 0.0186

12.04 3.18 -0.1739 -0.9064 0.3093 -0.0126 0.0085 0.0085

14.52 3.21 -0.1334 -0.9384 0.3110 -0.0104 -0.0019 0.0056

8O



Table 22. Aerodynamic Characteristics for Standard Nozzle With 0 -- 30 °,

5v,p,l = -20 °, 5v,p,r = 20 °, and/3 = 0°

(a) Longitudinal characteristics

MACH ALPHA NPR CL CD-F CM CLA CDA CMA

1.200

1.199

1.200

1.199

1.198

1.197

1.198

1.199

1.200

0.902

0.897

0.898

0 900

0 900

0 901

0 899

0 901

0 902

0 901

0.900

0.900

0.900

0.899

0.904

0.804

0.802

0.803

0.800

0.802

0.599

0.602

0.600

0.600

0.600

0.600

0.600

0.600

0.600

0.599

0.599

0.599

0.600

0.600

0.600

0.598

0.597

0.598

0.598

0.598

0.02 0.78 -0.0115 0.0213 0.0071 -0.0115 0.0213

0.01 2.03 -0.0092 0.0051 0.0042 -0.0092 0.0168

0.12 3.03 -0.0113 -0.0038 0.0066 -0.0114 0.0188

0.04 3.23 -0.0117 -0.0060 0.0069 -0.0117 0.0188

0.03 4.00 -0.0109 -0.0143 0.0068 -0.0109 0.0198

0.03 5.48 -0.0080 -0.0301 0.0040 -0.0080 0.0213

0.05 6.20 -0.0067 -0.0392 0.0036 -0.0068 0.0206

0.05 7.29 -0.0070 -0.0531 0.0032 -0.0070 0.0193

0.04 8.04 -0.0070 -0.0628 0.0030 -0.0071 0.0183

0.02 0.96 -0.0073 0.0113 0.0013 -0.0073 0.0113

0.01 2.00 -0.0087 -0.0094 0.0025 -0.0087 0.0111

0.02 3.19 -0.0064 -0.0327 0.0010 -0.0064 0.0107

0.04 4.00 -0.0049 -0.0487 0.0009 -0.0049 0.0116

0.04 5.03 -0.0053 -0.0699 0.0012 -0.0054 0.0117

0.03 6.03 -0.0058 -0.0903 0.0011 -0.0059 0.0121

0.05 6.99 -0.0040 -0.1113 0.0007 -0.0041 0.0114

0.01 0.96 -0.0067 0.0113 0.0012 -0.0067 0.0113

4.01 0.96 -0.0009 0.0119 -0.0027 -0.0009 0.0119

8.01 0.95 0.0043 0.0138 -0.0063 0.0043 0.0138

12.01 0.94 0.0158 0.0181 -0.0126 0.0158 0.0181

0.04 6.06 -0.0058 -0.0916 0.0010 -0.0059 0.0115

4.05 6.07 0.0072 -0.0909 -0.0027 -0.0001 0.0122

8.02 6.03 0.0229 -0.0873 -0.0080 0.0086 0.0145

11.99 6.06 0.0428 -0.0808 -0.0154 0.0216 0.0193

0.01 0.96 -0.0071 0.0106 0.0020 -0.0071 0.0106

0.04 2.02 -0.0107 -0.0146 0.0046 -0.0108 0.0114

0.06 3.22 -0.0063 -0.0455 0.0018 -0.0063 0.0097

0.17 4.54 -0.0062 -0.0791 0.0021 -0.0065 0.0112

0.08 5.52 -0.0052 -0.1046 0.0017 -0.0053 0.0112

0.00 1.00 -0.0192 0.0103 0.0130 -0.0192 0.0103

0.01 2.00 -0.0040 -0.0339 0.0005 -0.0040 0.0116

0.02 3.22 -0.0093 -0.0897 0.0050 -0.0093 0.0089

0.03 4.00 -0.0065 -0.1250 0.0034 -0.0066 0.0110

0.03 5.00 -0.0059 -0.1722 0.0013 -0.0060 0.0105

0.02 4.83 -0.0060 -0.1640 0.0011 -0.0060 0.0107

0.02 5.49 -0.0037 -0.1950 0.0010 -0.0037 0.0106

0.00 1.00 -0.0194 0.0106 0.0128 -0.0194 0.0106

4.02 1.00 -0.0156 0.0091 0.0104 -0.0156 0.0091

8.00 1.00 -0.0079 0.0100 0.0064 -0.0079 0.0100

12.00 1.00 0.0003 0.0118 0.0007 0.0003 0.0118

0.05 4.85 -0.0039 -0.1654 0.0011 -0.0041 0.0109

4.03 4.81 0.0139 -0.1621 -0.0018 0.0017 0.0110

8.05 4.80 0.0330 -0.1589 -0.0059 0.0087 0.0127

12.03 4.82 0.0543 -0.1536 -0.0127 0.0181 0.0165

20.02 1.00 0.0230 0.0154 -0.0107 0.0230 0.0154

20.13 1.98 0.0595 -0.0157 -0.0286 0.0440 0.0264

20.05 3.22 0.0735 -0.0701 -0.0258 0.0395 0.0231

20.04 4.79 0.1033 -0.1384 -0.0294 0.0435 0.0257

20.08 5.49 0.1164 -0.1690 -0.0302 0.0451 0.0261

0.0071

0.0042

0.0066

0.0069

0.0068

0.0040

0.0036

0.0032

0.0030

0.0013

0.0025

0.0010

0.0009

0.0012

0.0011

0.0007

0.0012

-0.0027

-0.0063

-0.0126

0.0010

-0.0027

-0.0080

-0.0154

0.0020

0.0046

0.0018

0.0021

0.0017

0.0130

0.0005

0.0050

0.0034

0.0013

0.0011

0.0010

0.0128

0.0104

0.0064

0.0007

0.0011

-0.0018

-0.0059

-0.0127

-0.0107

-0.0286

-0.0258

-0.0294

-0.0302
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Table 22. Continued

(a) Concluded

MACH

0.201

0.201

0.201

0.202

0.200

0.201

0.202

0.202

0.202

0.201

0.201

0.202

0.202

0.202

0.201

0.202

0.200

0.201

0.200

0.201

0.201

0.201

0.201

0.201

0.200

0.201

0.200

0.199

0.200

0.200

0.199

0.199

0.199

0.199

0.199

ALPHA NPR CL CD-F CM CLA CDA CMA

0.00

-0.01

0.02

0.02

0.00

0.02

-0.01

4.02

8.00

12.00

14.53

0.03

4.02

8.02

12.02

14.52

12.49

20.01

11.98

14.52

16.00

20.02

24.01

26.99

12.01

14.51

16.03

20.00

24.01

27.02

20.01

20.02

20.01

20.02

20.07

1.00 -0.0316 0.0094 0.0111 -0.0316 0.0094 0.0111

1.51 -0.0166 -0.2139 -O.0010 -0.0166 0.0069 -0.0010

2.01 -0.0221 -0.3879 -0.0009 -0.0222 0.0187 -0.0009

2.61 -0.0061 -0.6158 -0.0034 -0.0063 0.0247 -0.0034

3.20 -0.0064 -0.8682 0.0012 -0.0064 0.0086 0.0012

4.00 -0.0108 -1.1910 0.0016 -0.0112 0.0192 0.0016

1.00 -0.0301 0.0077 0.0133 -0.0301 0.0077 0.0133

1.O0 -0.0034 0.0024 0.0029 -0.0034 0.0024 0.0029

1.00 -0.0048 0.0071 -0.0037 -0.0048 0.0071 -0.0037

1.00 -0.0004 0.0074 -0.0096 -0.0004 0.0074 -0.0096

1.00 0.0144 0.0147 -0.0154 0.0144 0.0147 -0.0154

3.26 -0.0070 -0.8873 0.0026 -0.0074 0.0017 0.0026

3.23 0.0556 -0.8684 0.0004 -0.0057 0.0045 0.0004

3.23 0.1405 -0.8605 -0.0057 0.0183 0.0059 -0.0057

3.22 0.2013 -0.8461 -0.0122 0.0183 0.0131 -0.0122

3.22 0.2460 -0.8306 -0.0187 0.0267 0.0160 -0.0187

1.01 0.0197 0.0060 -0.0075 0.0197 0.0060 -0.0075

1.Of 0.0402 0.0146 -0.0237 0.0402 0.0146 -0.0237

1.00 0.0180 0.0165 -0.0081 0.0180 0.0165 -0.0081

1.00 0.0159 0.0143 -0.0125 0.0159 0.0143 -0.0125

1.00 0.0276 0.0133 -0.0139 0.0276 0.0133 -0.0139

1.00 0.0407 0.0200 -0.0258 0.0407 0.0200 -0.0258

1.00 0.0610 0.0281 -0.0332 0.0610 0.0281 -0.0332

1.00 0.0794 0.0370 -0.0379 0.0794 0.0370 -0.0379

3.20 0.1993 -0.8491 -0.0085 0.0170 0.0078 -0.0085

3.21 0.2557 -0.8357 -0.0120 0.0358 0.0142 -0.0120

3.21 0.2847 -0.8346 -0.0167 0.0397 0.0179 -0.0167

3.21 0.3698 -0.8122 -0.0277 0.0644 0.0273 -0.0277

3.21 0.4174 -0.7791 -0.0386 0.0571 0.0297 -0.0386

3.21 0.4845 -0.7492 -0.0465 0.0822 0.0395 -0.0465

1.01 0.0407 0.0175 -0.0259 0.0407 0.0175 -0.0259

2.00 0.2070 -0.3540 -0.0354 0.0671 0.0301 -0.0354

2.58 0.2919 -0.5715 -0.0364 0.0700 0.0378 -0.0364

3.19 0.3677 -0.8065 -0.0263 0.0654 0.0232 -0.0263

3.99 0.4740 -1.1190 -0.0301 0.0536 0.0320 -0.0301

82



MACH

1.200
1.199
1.200
1.199
1.198
1.197
1.198
1.199
1.200
0.902
0.897
0.898
0.900
0.900
0.901
0.899
0.901
0.902
0.901
0.900
0.900
0.900
0.899
0.904
0.804
0.802
0.803
0.800
0.802
0.599
0.602
0.600
0.6OO
0.600
0.600
0.600
0.600
0.600
0.599
0.599
0.599
0.600
0.600
0.600
0.598
0.597
0.598
0.598
0.598

Table 22. Continued

(b) Lateral characteristics

ALPHA NPR CR CN CY

0.02

0.01

0.12

0.04

0.03

0.03

0.05

0.05

0.04

0.02

0.01

0.O2

0.04

0.04

0.03

0.05

0.01

4.01

8.01

12.01

0.04

4.05

8.02

11.99

0.01

0.04

0.06

0.17

0.08

0.00

0.01

0.02

0.03

0.03

0.02

0.02

0.00

4.02

8.00

12.00

0.05

4.03

8.05

12.03

20.02

20.13

20.05

20.04

20.08

CRA CNA CYA

0.78 -0.0006 -0.0014 0.0056 -0.0006 -0.0014 0.0056

2.03 -0.0007 -0.0016 0.0064 -0.0004 -0.0005 0.0030

3.03 -0.0012 -0.0035 0.0121 -0.0006 -0.0015 0.0059

3.23 -0.0012 -0.0037 0.0130 -0.0007 -0.0016 0.0062

4.00 -0.0015 -0.0044 0.0158 -0.0008 -0.0016 0.0068

5.48 -0.0020 -0.0062 0.0221 -0.0010 -0.0025 0.0102

6.20 -0.0020 -0.0067 0.0234 -0.0009 -0.0026 0.0100

7.29 -0.0022 -0.0071 0.0253 -0.0008 -0.0024 0.0096

8.04 -0.0023 -0.0075 0.0266 -0.0008 -0.0023 0.0094

0.96 0.0001 0.0001 0.0011 0.0001 0.0001 0.0011

2.00 -0.0010 -0.0038 0.0132 -0.0004 -0.0018 0.0072

3.19 -0.0012 -0.0048 0.0177 -0.0002 -0.0012 0.0058

4.00 -0.0017 -0.0067 0.0234 -0.0004 -0.0019 0.0074

5.03 -0.0022 -0.0083 0.0289 -0.0006 -0.0023 0.0095

6.03 -0.0026 -0.0096 0.0332 -0.0006 -0.0026 0.0101

6.99 -0.0029 -0.0110 0.0373 -0.0006 -0.0029 0.0106

0.96 0.0001 0.0001 0.0009 0.0001 0.0001 0.0009

0.96 0.0002 -0.0001 0.0010 0.0002 -0.0001 0.0010

0.95 0.0000 -0.0003 0.0021 0.0000 -0.0003 0.0021

0.94 0.0000 -0.0004 0.0031 0.0000 -0.0004 0.0031

6.06 -0.0026 -0.0096 0.0330 -0.0006 -0.0025 0.0098

6.07 -0.0027 -0.0099 0.0338 -0.0007 -0.0028 0.0105

6.03 -0.0027 -0.0100 0.0344 -0.0007 -0.0029 0.0112

6.06 -0.0028 -0.0102 0.0352 -0.0008 -0.0031 0.0121

0.96 0.0000 -0.0002 0.0011 0.0000 -0.0002 0.0011

2.02 -0.0014 -0.0050 0.0180 -0.0007 -0.0025 0.0105

3.22 -0.0016 -0.0064 0.0225 -0.0004 -0.0017 0.0074

4.54 -0.0025 -0.0095 0.0328 -0.0007 -0.0025 0.0106

5.52 -0.0030 -0.0111 0.0382 -0.0008 -0.0028 0.0114

1.00 -0.0006 -0.0010 0.0022 -0.0006 -0.0010 0.0022

2.00 -0.0025 -0.0086 0.0297 -0.0013 -0.0042 0.0165

3.22 -0.0031 -0.0110 0.0367 -0.0009 -0.0027 0.0096

4.00 -0.0039 -0.0142 0.0465 -0.0011 -0.0033 0.0106

5.00 -0.0048 -0.0172 0.0575 -0.0012 -0.0037 0.0140

4.83 -0.0047 -0.0168 0.0558 -0.0012 -0.0037 0.0137

5.49 -0.0052 -0.0185 0.0608 -0.0012 -0.0038 0.0132

1.00 -0.0007 -0.0011 0.0043 -0.0007 -0.0011 0.0043

1.00 -0.0007 -0.0015 0.0051 -0.0007 -0.0015 0.0051

1.00 -0.0007 -0.0019 0.0064 -0.0007 -0.0019 0.0064

1.00 -0.0008 -0.0019 0.0073 -0.0008 -0.0019 0.0073

4.85 -0.0048 -0.0170 0.0567 -0.0012 -0.0038 0.0143

4.81 -0.0048 -0.0175 0.0588 -0.0014 -0.0045 0.0170

4.80 -0.0049 -0.0180 0.0591 -0.0014 -0.0049 0.0174

4.82 -0.0049 -0.0185 0.0607 -0.0014 -0.0054 0.0188

1.00 -0.0004 -0.0013 0.0037 -0.0004 -0.0013 0.0037

1.98 -0.0026 -0.0103 0.0358 -0.0014 -0.0057 0.0226

3.22 -0.0034 -0.0135 0.0451 -0.0012 -0.0049 0.0181

4.79 -0.0048 -0.0184 0.0593 -0.0013 -0.0053 0.0176

5.49 -0.0054 -0.0202 0.0658 -0.0013 -0.0054 0.0183
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Table 22. Concluded

(b) Coneluded

MACH

0.201

0.201

0.201

0.202

0.200

0.201

0.202

0.202

0.202

0.201

0.201

0.202

0.202

0.202

0.201

0.202

0.200

0.201

0.200

0.201

0.201

0.201

0.201

0.201

0.200

0.201

0.200

0.199

0.200

0.200

0.199

0.199

0.199

0.199

0.199

ALPHA

0.00

-0.01

0.02

0.02

0.00

0.02

-0.01

4.02

8.00

12.00

14.53

0.03

4.02

8.02

12.02

14.52

12.49

20.01

11.98

14.52

16.00

20.02

24.01

26.99

12.01

14.51

16.03

20.00

24.01

27.02

20.01

20.02

20.01

20.02

20.07

NPR CR CN CY CRA CNA CYA

1.00 0.0000 -0.0006 0.0074 0.0000 -0.0006 0.0074

1.51 -0.0058 -0.0243 0.0654 0.0014 0.0006 -0.0031

2.01 -0.0122 -0.0446 0.1457 -0.0014 -0.0054 0.0275

2.61 -0.0182 -0.0626 0.2189 -0.0032 -0.0067 0.0419

3.20 -0.0203 -0.0766 0.2603 -0.0007 -0.0025 0.0200

4.00 -0.0265 -0.0998 0.3301 -0.0012 -0.0030 0.0108

1.00 -0.0005 -0.0009 0.0077 -0.0005 -0.0009 0.0077

1.00 -0.0020 -0.0031 0.0095 -0.0020 -0.0031 0.0095

1.00 -0.0007 -0.0041 0.0109 -0.0007 -0.0041 0.0109

1.00 -0.0008 -0.0047 0.0157 -0.0008 -0.0047 0.0157

1.00 -0.0009 -0.0050 0.0212 -0.0009 -0.0050 0.0212

3.26 -0.0218 -0.0789 0.2634 -0.0020 -0.0039 0.0200

3.23 -0.0216 -0.0775 0.2592 -0.0021 -0.0036 0.0194

3.23 -0.0216 -0.0789 0.2587 -0.0022 -0.0049 0.0190

3.22 -0.0220 -0.0799 0.2681 -0.0024 -0.0057 0.0274

3.22 -0.0221 -0.0800 0.2771 -0.0026 -0.0061 0.0374

1.01 -0.0007 -0.0047 0.0214 -0.0007 -0.0047 0.0214

1.01 -0.0008 -0.0050 0.0201 -0.0008 -0.0050 0.0201

1.00 -0.0003 -0.0049 0.0055 -0.0003 -0.0049 0.0055

1.00 -0.0003 -0.0049 0.0034 -0.0003 -0.0049 0.0034

1.00 -0.0002 -0.0049 0.0043 -0.0002 -0.0049 0.0043

1.00 -0.0003 -0.0055 0.0070 -0.0003 -0.0055 0.0070

1.00 -0.0003 -0.0050 0.0076 -0.0003 -0.0050 0.0076

1.O0 -0.0004 -0.0047 0.0095 -0.0004 -0.0047 0.0095

3.20 -0.0208 -0.0813 0.2650 -0.0014 -0.0052 0.0270

3.21 -0.0206 -0.0813 0.2598 -0.0012 -0.0052 0.0214

3.21 -0.0208 -0.0822 0.2657 -0.0012 -0.0053 0.0249

3.21 -0.0213 -0.0829 0.2665 -0.0015 -0.0054 0.0239

3.21 -0.0210 -0.0826 0.2690 -0.0014 -0.0058 0.0286

3.21 -0.0212 -0.0829 0.2769 -0.0016 -0.0061 0.0365

1.01 -0.0003 -0.0054 0.0058 -0.0003 -0.0054 0.0058

2.00 -0.0130 -0.0502 0.1600 -0.0024 -0.0088 0.0395

2.58 -0.0179 -0.0692 0.2309 -0.0028 -0.0103 0.0513

3.19 -0.0217 -0.0824 0.2636 -0.0021 -0.0057 0.0237

3.99 -0.0272 -0.1051 0.3339 -0.0016 -0.0049 0.0146
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Table 23. Longitudinal Aerodynamic Characteristics for Standard Nozzle With 0 = 30 °,

¢_v,p,l = --30°' _v,p,r = 300, and _ = 0°

MACH

0.898

0.900

0.898

0.901

0.899

0.897

0.899

0.900

0.899

0.900

0.898

0.900

0.900

0.900

0.897

0.803

0.800

0.801

0.801

0.800

0.601

0.598

0.600

0.600

0.600

0.600

0.600

0.601

0.601

0.601

0.602

0.603

0.602

0.601

ALPHA NPR CL CD-F CM CLA CDA

0.01 0.91 -0.0074 0.0141 0.0029 -0.0074 0.0141

0.04 2.03 -0.0084 0.0007 0.0048 -0.0084 0.0173

0.03 3.18 -0.0060 -0.0154 0.0030 -0.0060 0.0201

0.05 4.00 -0.0061 -0.0310 0.0020 -0.0062 0.0169

0.03 5.01 -0.0041 -0.0499 0.0013 -0.0041 0.0173

0.04 6.00 -0.0045 -0.0686 0.0009 -0.0045 0.0178

0.07 6.99 -0.0045 -0.0867 0.0006 -0.0046 0.0183

0.01 0.93 -0.0066 0.0147 0.0022 -0.0066 0.0147

4.03 0.93 -0.0011 0.0150 -0.0032 -0.0011 0.0150

8.01 0.93 0.0082 0.0172 -0.0090 0.0082 0.0172

II.01 0.92 0.0150 0.0202 -0.0133 0.0150 0.0202

0.04 6.00 -0.0046 -0.0678 0.0011 -0.0047 0.0179

4.05 6.00 0.0092 -0.0670 -0.0055 0.0031 0.0185

8.06 6.00 0.0238 -0.0640 -0.0114 0.0117 0.0210

10.49 5.99 0.0325 -0.0619 -0.0150 0.0168 0.0229

0.02 0.93 -0.0105 0.0158 0.0044 -0.0105 0.0158

0.02 1.97 -0.0088 -0.0008 0.0035 -0.0088 0.0190

0.03 3.19 -0.0035 -0.0211 0.0001 -0.0035 0.0236

0.06 4.50 -0.0048 -0.0548 0.0011 -0.0049 0.0174

0.07 5.48 -0.0051 -0.0785 0.0011 -0.0052 0.0176

0.02 0.97 -0.0198 0.0152 0.0113 -0.0198 0.0152

0.02 2.00 -0.0041 -0.0153 -0.0012 -0.0041 0.0212

0.02 3.20 -0.0033 -0.0554 -0.0015 -0.0033 0.0250

0.05 4.01 -0.0065 -0.0901 0.0010 -0.0066 0.0184

0.06 4.81 -0.0079 -0.1239 0.0024 -0.0080 0.0180

0.08 5.50 -0.0083 -0.1538 0.0024 -0.0085 0.0177

0.04 0.98 -0.0210 0.0152 0.0118 -0.0210 0.0152

4.03 0.98 -0.0161 0.0143 0.0081 -0.0161 0.0143

8.02 0.98 -0.0092 0.0150 0.0034 -0.0092 0.0150

11.45 0.98 -0.0020 0.0168 -0.0006 -0.0020 0.0168

0.06 4.80 -0.0076 -0.1227 0.0026 -0.0078 0.0178

4.05 4.80 0.0091 -0.1219 -0.0022 -0.0008 0.0183

8.07 4.80 0.0275 -0.1191 -0.0084 0.0078 0.0202

11.71 4.80 0.0463 -0.1140 -0.0144 0.0177 0.0240

CMA

0.0029

0.0048

0.0030

0.0020

0.0013

0.0009

0.0006

0.0022

-0.0032

-0.0090

-0.0133

0.0011

-0.0055

-0.0114

-0.0150

0.0044

0.0035

0.0001

0.0011

0.0011

0.0113

-0.0012

-0.0015

0.0010

0.0024

0.0024

0.0118

0.0081

0.0034

-0.0006

0.0026

-0.0022

-0.0084

-0.0144
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Table 23. Concluded

MACH

0.203

0.200

0.201

0.201

0.201

0.202

0.200

0.200

0.200

0.200

0.200

0.201

0.201

0.202

0.201

0.201

ALPHA NPR CL CD-F CM CLA CDA CMA

0.01

0.03

0.03

0.03

0.03

0.06

0.01

4.01

8.02

12.01

14.50

0.05

4.06

8.04

12.04

14.54

0.99 -0.0182 0.0096 0.0085 -0.0182 0.0096 0.0085

1.50 -0.0260 -0.1543 -0.0006 -0.0261 0.0235 -0.0006

2.00 -0.0044 -0.2891 -0.0071 -0.0045 0.0338 -0.0071

2.60 -0.0070 -0.4835 -0.0053 -0.0073 0.0165 -0.0053

3.23 -0.0136 -0.6845 -0.0033 -0.0140 0.0341 -0.0033

4.02 0.0022 -0.9370 -0.0004 0.0012 0.0235 -0.0004

1.00 -0.0272 0.0102 0.0134 -0.0272 0.0102 0.0134

1.00 -0.0155 0.0081 -0.0022 -0.0155 0.0081 -0.0022

1.00 0.0096 0.0178 -0.0076 0.0096 0.0178 -0.0076

1.00 0.0081 0.0182 -0.0137 0.0081 0.0182 -0.0137

1.00 0.0256 0.0218 -0.0189 0.0256 0.0218 -0.0189

3.20 -0.0117 -0.6773 -0.0015 -0.0123 0.0345 -0.0015

3.20 0.0616 -0.6784 -0.0048 0.0109 0.0349 -0.0048

3.20 0.1129 -0.6647 -0.0136 0.0137 0.0377 -0.0136

3.20 0.1801 -0.6482 -0.0212 0.0315 0.0487 -0.0212

3.20 0.2179 -0.6399 -0.0265 0.0385 0.0519 -0.0265
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MACH

1.201
1.196
1.199
1.201
1.201
1.201
1.201
0.904
0.900
0.901
0.900
0.901
0.900
0.900
0.900
0.900
0.899
0.900
0.900
0.901
0.899
0.900
0.801
0.800
0.800
0.800
0.800
0.600
0.601
0.601
0.599
0.601
0.600
0.601
0.602
0.598
0.600
0.600
0.600
0.601
0.601
0.600
0.598
0.599
0.598
0.597

Table 24. Aerodynamic Characteristics for Standard Nozzle With 8 = 30 °,

_v,p,l _- 0°, _v,p,r -_ 20°_ and _3 = 0 °

(a) Longitudinal characteristics

ALPHA NPR CL CD-F CM CLA CDA

-0.01 0.84 -0.0031 0.0189 -0.0003 -0.0031 0.0189

0.00 1.99 -0.0036 0.0037 -0.0005 -0.0064 0.0165

-0.01 3.19 0.0009 -0.0095 -0.0049 -0.0040 0.0174

0.00 4.01 0.0031 -0.0194 -0.0067 -0.0032 0.0176

0.00 5.53 0.0072 -0.0382 -0.0097 -0.0017 0.0173

0.01 7.30 0.0112 -0.0606 -0.0126 -0.0012 0.0166

0.01 7.99 0.0130 -0.0696 -0.0136 -0.0007 0.0160

0.00 0.99 -0.0097 0.0109 0.0050 -0.0097 0.0109

0.00 1.97 0.0014 -0.0122 -0.0061 -0.0034 0.0098

-0.01 3.23 0.0063 -0.0390 -0.0097 -0.0025 0.0093

0.01 4.05 0.0117 -0.0568 -0.0141 0.0004 0.0098

0.01 5.03 0.0167 -0.0781 -0.0176 0.0027 0.0095

0.00 6.00 0.0211 -0.0996 -0.0209 0.0036 0.0094

0.01 6.99 0.0246 -0.1220 -0.0241 0.0037 0.0089

0.01 1.01 -0.0098 0.0104 0.0046 -0.0098 0.0104

4.02 1.01 -0.0072 0.0106 0.0022 -0.0072 0.0106

8.00 1.01 0.0020 0.0123 -0.0031 0.0020 0.0123

12.01 1.01 0.0115 0.0164 -0.0091 0.0115 0.0164

0.03 6.01 0.0195 -0.1003 -0.0209 0.0019 0.0091

4.01 6.03 0.0307 -0.0983 -0.0230 0.0056 0.0096

8.01 6.01 0.0465 -0.0940 -0.0280 0.0138 0.0120

12.03 6.03 0.0652 -0.0862 -0.0346 0.0252 0.0172

0.01 1.02 -0.0074 0.0086 0.0016 -0.0074 0.0086

0.01 1.98 0.0081 -0.0194 -0.0113 0.0019 0.0088

0.00 3.23 0.0115 -0.0531 -0.0144 0.0004 0.0081

0.00 4.53 0.0211 -0.0886 -0.0211 0.0050 0.0089

0.00 5.50 0.0251 -0.1155 -0.0250 0.0052 0.0085

0.00 1.00 -0.0027 0.0080 -0.0004 -0.0027 0.0080

0.00 1.97 0.0233 -0.0410 -0.0233 0.0124 0.0086

0.01 3.23 0.0241 -0.i010 -0.0257 0.0043 0.0078

0.02 4.01 0.0329 -0.1399 -0.0322 0.0077 0.0083

0.03 4.81 0.0391 -0.1781 -0.0371 0.0091 0.0079

0.02 5.51 0.0455 -0.2140 -0.0413 0.0098 0.0076

0.00 1.01 -0.0064 0.0078 0.0001 -0.0064 0.0078

4.02 1.01 -0.0024 0.0083 -0.0024 -0.0024 0.0083

7.99 1.01 0.0084 0.0099 -0.0092 0.0084 0.0099

12.01 1.01 0.0141 0.0138 -0.0132 0.0141 0.0138

0.03 4.82 0.0400 -0.1798 -0.0372 0.0097 0.0078

4.01 4.83 0.0583 -0.1761 -0.0400 0.0150 0.0090

7.99 4.84 0.0783 -0.1695 -0.0443 0.0224 0.0118

12.02 4.83 0.1032 -0.1588 -0.0525 0.0347 0.0181

19.99 1.00 0.0491 0.0260 -0.0338 0.0491 0.0260

20.01 2.00 0.0905 -0.0115 -0.0538 0.0620 0.0324

20.02 3.20 0.1150 -0.0640 -0.0585 0.0593 0.0302

19.99 4.80 0.1568 -0.1326 -0.0711 0.0651 0.0330

20.00 5.51 0.1740 -0.1647 -0.0759 0.0631 0.0319

CHA

-0.0003

0.0018

-0.0008

-0.0013

-0.0025

-0.0031

-0.0032

0.0050

-0.0020

-0.0021

-0.0045

-0.0060

-0.0070

-0.0080

0.0046

0.0022

-0.0031

-0.0091

-0.0070

-0.0091

-0.0141

-0.0207

0.0016

-0.0061

-0.0049

-0.0076

-0.0089

-0.0004

-0.0143
-0.0088

-0.0109

-0.0122

-0.0126

0.0001

-0.0024

-0.0092

-0.0132

-O.Ol21

-0.0149

-0.0192

-0.0275

-0.0338

-0.0444

-0.0414

-0.0454

-0.0467
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Table 24. Continued

(a) Concluded

MACH

0.200

0.200

0.201

0.201

0.199

0.199

O. 198

0.198

0.199

0.199

0.202

0.199

0.200

0.200

0.200

0.200

0.200

0.201

0.201

0.201

0.201

0.201

0.202

0.202

0.202

0.202

0.202

0.202

0.203

0.203

0.203

0.202

0.203

ALPHA NPR CL CD-F CM CLA CDA CMA

0.02

0.O2

0.02

0.03

0.02

0.02

0.00

4.01

7.98

12.00

14.52

0.01

4.02

8.01

12.02

14.52

12.01

14.50

16.00

20.01

24.02

27.00

12.01

14.50

16.02

20.01

24.02

27.01

19.98

20.00

20.00

20.00

20.02

1.00 -0.0162 0.0087 -0.0014 -0.0162 0.0087 -0.0014

1.53 0.0419 -0.2502 -0.0609 -0.0016 0.0079 -0.0176

2.07 0.1056 -0.4765 -0.1102 -0.0038 0.0109 -0.0205

2.65 0.1646 -0.7117 -0.1488 0.0229 0.0167 -0.0261

3.20 0.1915 -0.9709 -0.1663 0.0127 0.0080 -0.0136

4.00 0.2352 -1.3190 -0.2085 0.0073 0.0155 -0.0165

1.00 -0.0148 0.0080 -0.0011 -0.0148 0.0080 -0.0011

1.00 -0.0069 0.0058 -0.0077 -0.0069 0.0058 -0.0077

1.00 0.0124 0.0068 -0.0137 0.0124 0.0068 -0.0137

1.00 0.0182 0.0167 -0.0246 0.0182 0.0167 -0.0246

1.00 0.0349 0.0196 -0.0289 0.0349 0.0196 -0.0289

3.23 0.1922 -0.9815 -0.1651 0.0121 0.0083 -0.0112

3.23 0.2592 -0.9542 -0.1650 0.0127 0.0116 -0.0126

3.24 0.3344 -0.9312 -0.1707 0.0216 0.0141 -0.0185

3.24 0.4172 -0.9036 -0.1778 0.0380 0.0199 -0.0252

3.24 0.4546 -0.8832 -0.1859 0.0356 0.0229 -0.0333

0.99 0.0246 0.0094 -0.0219 0.0246 0.0094 -0.0219

0.99 0.0408 0.0111 -0.0263 0.0408 0.0111 -0.0263

1.00 0.0487 0.0158 -0.0261 0.0487 0.0158 -0.0261

1.00 0.0583 0.0216 -0.0369 0.0583 0.0216 -0.0369

1.00 0.0829 0.0347 -0.0446 0.0829 0.0347 -0.0446

1.00 0.0871 0.0364 -0.0512 0.0871 0.0364 -0.0512

3.23 0.4000 -0.8768 -0.1726 0.0273 0.0196 -0.0222

3.23 0.4575 -0.8604 -0.1784 0.0450 0.0217 -0.0276

3.23 0.4767 -0.8463 -0.1820 0.0408 0.0247 -0.0311

3.23 0.5600 -0.8103 -0.1942 0.0634 0.0304 -0.0429

3.23 0.6396 -0.7593 -0.2050 0.0853 0.0445 -0.0537

3.23 0.6717 -0.7241 -0.2132 0.0791 0.0463 -0.0627

1.00 0.0603 0.0234 -0.0347 0.0603 0.0234 -0.0347

2.00 0.3117 -0.3399 -0.1345 0.0639 0.0422 -0.0524

2.63 0.4416 -0.5622 -0.1772 0.0676 0.0489 -0.0556

3.20 0.5548 -0.7941 -0.1923 0.0665 0.0318 -0.0431

4.00 0.7225 -1.0870 -0.2322 0.0762 0.0398 -0.0467
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Table 24. Continued

(b) Lateral characteristics

MACH

1.201

1.196

1.199

1.201

1.201
1.201

1.201

0.904

0.900

0.901

0.900

0.901

0.900

0.900

0.900

0.900
0.899

0.900

0.900

0.901

0.899

0.900
0.801

0.800

0.800

0.800

0.800

0.600

0.601

0.601

0.599

0.601

0.600

0.601

0.602
0.598
0.600
0.600
0.600
0.601
0.601
0.600
0.598

0.599

0.598

0.597

ALPHA NPR CR CN CY CRA CNA CYA

-0.01

0.00

-0.01

0.00

0.00

0.01

0.01

0.00

0.00

-0.01

0.01

0.01

0.00

0.01
0.01

4.02

8.00

12.01

0.03

4.01

8.01

12.03

0.01

0.01

0.00

0.00

0.00

0.00

0.00
0.01

0.02

0.03

0.02

0.00

4.02

7.99

12.01

0.03

4.01

7.99

12.02

19.99

20.01

20.02

19.99

20.00

0.84

1.99

3.19

4.01

5.53

7.30
7.99

0.99
1.97

3.23

4.05

5.03

6.00
6.99

i.01

1.01

1.01

1.01

6.01

6.03

6.01

6.03

1.02

1.98

3.23

4.53

5.50

1.00
1.97

3.23

4.01

4.81

5.51

1.01

1.01

i.O1

1.01

4.82

4.83
4.84

4.83

1.00

2.00

3.20
4.80

5.51

-0.0001

-0.0003

-0.0005

-0.0005

-0.0007

-0.0010
-0.0010

0.0000

-0.0005

-0.0007

-0.0009

-0.0010
-0.0012

-0.0015

0.0000

-0.0001

0.0001

0.0001

-0.0012

-0.0014

-0.0014

-0.0014

0.0001

-0.0007

-0.0008

-0.0011

-0.0014

0.0001
-0.0012

-0.0016

-0.0020

-0.0024

-0.0027

-0.0001

-0.0002

-0.0003

-0.0001
-0.0024

-0.0024

-0.0024

-0.0024

-0.0003

-0.0013

-0.0016

-0.0024

-0.0027

0.0005

-0.0002

-0.0008

-0.0011

-0.0018

-0.0027

-0.0030

0.0006

-0.0012

-0.0019

-0.0027

-0.0034

-0.0041

-0.0048

0.0007

0.0008
0.0008
0.0008

-0.0041

-0.0043

-0.0046

-0.0049

0.0010

-0.0017
-0.0024

-0.0038

-0.0047

0.0008

-0.0039

-0.0048

-0.0063

-0.0076

-0.0087
0.0009

0.0005
-0.0005

-0.0001

-0.0076

-0.0082

-0.0087

-0.0093

-0.0015

-0.0057

-0.0065

-0.0092

-0.0102

0.0011

0.0033

0.0053

0.0061

0.0090

0.0130

0.0141

0.0013

0.0070

0.0090

0.0130

0.0158

0.0180

0.0207

0.0005

-0.0002
-O.OO04

-0.0004

0.0179

0.0181

0.0185

0.0199

-0.0005

0.0082

0.0109

0.0164

0.0203

-0.0003

0.0170

0.0207
0.0256

0.0306

0.0339

-0.0004

-0.0003

0.0019

0.0000

0 0306

0 0310

0 0328

0 0342

0 0072
0 0227

0.0255

0.0337

0.0367

-0.0001

-0.0001

-0.0002

-0.0001

-0.0002

-0.0002

-0.0002

0.0000

-0.0002

-0.0001

-0.0002

-0.0001

-0.0002

-0.0002
0.0000

-0.0001

0.0001

0.0001

-0.0001

-0.0003

-0.0003

-0.0003

0.0001

-0.0003

-0.0001

-0.0001

-0.0002

0.0001
-0.0006

-0.0004

-0.0004

-0.0005

-0.0005

-0.0001

-0.0002

-0.0003

-0.0001

-0.0005

-0.0005
-0.0005

-0.0005

-0.0003

-0.0006

-0.0005

-0.0006

-0.0006

0.0005

0.0004

0.0003

0.0002

0.0000

-0.0003
-0.0004

0.0006

-0.0002

0.0000

-0.0003

-0.0005

-0.0006
-0.0007

0.0007

0.0008

0.0008

0.0008

-0.0005

-0.0008

-0.0011

-0.0014

0.0010

-0.0004

0.0000

-0.0005

-0.0007

0.0008
-0.0016

-0.0005

-0.0011

-0.0013

-0.0014

0.0009

0.0005

-0.0005
-0.0001

-0.0013

-0.0019
-0.0024

-0.0030

-0.0015

-0.0033

-0.0022

-0.0028

-0.0027

0.0011

0.0012

0.0015

0.0014

0.0024

0.0043
0.0046

0.0013

0.0033

0.0022

0.0045

0.0052

0.0053
0.0059

0.0005

-0.0002

-0.0004

-0.0004
0.0051

0.0054

0.0057

0.0072

-0.0005

0.0035

0.0023

0.0043

0.0056
-0.0003

0.0087

0.0053

0.0065

0.0078
0.0076
-0.0004

-0.0003

0.0019
0.0000

0.0076

0.0081

0.0099

0.0113

0.0072

0.0145

0.0106

0.0104

0.0095
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Table 24. Concluded

(b) Concluded

MACH ALPHA NPR CR CN CY CRA CNA CYA

0.200 0.02 1.00 0.0001 0.0009 -0.0003 0.0001 0.0009 -0.0003

0.200 0.02 1.53 -0.0047 -0.0136 0.0464 -0.0008 -0.0028 0.0068

0.201 0.02 2.07 -0.0077 -0.0251 0.0892 -0.0017 -0.0027 0.0071

0.201 0.03 2.65 -0.0108 -0.0335 0.1318 -0.0025 -0.0034 0.0238

0.199 0.02 3.20 -0.0118 -0.0386 0.1557 -0.0010 0.0003 0.0171

0.199 0.02 4.00 -0.0143 -0.0495 0.1817 -0.0003 -0.0022 0.0095

0.198 0.00 1.00 -0.0011 0.0010 0.0002 -0.0011 0.0010 0.0002

0.198 4.01 1.00 -0.0013 -0.0018 0.0014 -0.0013 -0.0018 0.0014

O.199 7.98 1.00 -0.0004 -0.0033 0.0013 -0.0004 -0.0033 0.0013

0.199 12.00 1.00 -0.0003 -0.0047 0.0016 -0.0003 -0.0047 0.0016

0.202 14.52 1.O0 0.0000 -0.0059 0.0127 0.0000 -0.0059 0.0127

0.199 0.01 3.23 -0.0117 -0.0391 0.1523 -0.0008 0.0001 0.0124

0.200 4.02 3.23 -0.0111 -0.0398 0.1385 -0.0003 -0.0010 0.0000

0.200 8.01 3.24 -0.0115 -0.0410 0.1519 -0.0007 -0.0022 0.0135

0.200 12.02 3.24 -0.0114 -0.0432 0.1539 -0.0006 -0.0043 0.0152

0.200 14.52 3.24 -0.0112 -0.0443 0.1555 -0.0004 -0.0054 0.0168

0.200 12.01 0.99 -O.0011 -0.0028 0.0124 -0.0011 -0.0028 0.0124

0.201 14.50 0.99 -0.0012 -0.0027 0.0122 -0.0012 -0.0027 0.0122

0.201 16.00 1.O0 -0.0008 -0.0031 0.0121 -0.0008 -0.0031 0.0121

0.201 20.01 1.O0 -0.0009 -0.0030 0.0122 -0.0009 -0.0030 0.0122

0.201 24.02 1.00 0.0001 -0.0025 0.0112 0.0001 -0.0025 0.0112

0.201 27.00 1.00 -0.0002 -0.0030 0.0105 -0.0002 -0.0030 0.0105

0.202 12.01 3.23 -0.0109 -0.0403 0.1447 -0.0005 -0.0022 0.0129

0.202 14.50 3.23 -0.Olll -0.0408 0.1463 -0.0007 -0.0026 0.0141

0.202 16.02 3.23 -0.0109 -0.0410 0.1453 -0.0006 -0.0027 0.0131

0.202 20.01 3.23 -0.0110 -0.0411 0.1466 -0.0006 -0.0028 0.0141

0.202 24.02 3.23 -0.Olll -0.0414 0.1467 -0.0007 -0.0031 0.0141

0.202 27.01 3.23 -0.0108 -0.0416 0.1474 -0.0005 -0.0034 0.0155

0.203 19.98 1.00 -0.0012 -0.0029 0.0132 -0.0012 -0.0029 0.0132

0.203 20.00 2.00 -0.0073 -0.0265 0.0964 -0.0013 -0.0060 0.0248

0.203 20.00 2.63 -0.0105 -0.0367 0.1371 -0.0023 -0.0074 0.0317

0.202 20.00 3.20 -0.0109 -0.0404 0.1456 -0.0007 -0.0027 0.0150

0.203 20.02 4.00 -0.0140 -0.0509 0.1878 -O.0010 -0.0057 0.0200

9O



MACH

1.205
1.200
1.199
1.199
1.200
1.200
1.199
0.900
0.901
0.900
0.900
0.899
0.899
0.901
0.898
0.896
0.901
0.899
0.901
0.898
0.899
0.899
0.801
0.800
0.800
0.796
0.800
0.799
0.799
0.791
0.600
0.603
0.601
0.600
0.601
0.599
0.599
0.599
0.601
0.600
0.601
0.601
0.600
0.599

Table 25.

ALPHA

-0.05

-0.03

-0.04

-0.04

-0.03

-0.03

-0.03

-0.06

-0.06

-0.06

-0.06

-0.06

-0.06

-0.06

-0.05

3.95

7.94

11.73

-0.02

3.97

7.94

11.43

-0.04

-0.04

-0.05

0.01

0.03

0.02

0.02

0.02

-0.01

0.00

0.00

0.01

0.01

0.02

-0.01

4.02

7.99

11.77

0.03

4.01

7.99

11.78

Aerodynamic Characteristics for Standard Nozzle With 0 = 30 °,

6v,p, l = 0°, 5v,p,r = 0°, and _ = 5°

(a) Longitudinal characteristics

NPR CL CD-F CM CLA CDA CMA

0.85 0.I001 0.0178 0.0073 0.I001 0.0178 0.0073

1.97 0.1005 0.0018 0.0069 0.1005 0.0155 0.0069

3.20 0.1008 -0.0131 0.0064 0.1008 0.0163 0.0064

4.03 0.1003 -0.0237 0.0066 0.1004 0.0162 0.0066

5.52 0.0993 -0.0443 0.0074 0.0993 0.0146 0.0074

7.27 0.0985 -0.0683 0.0076 0.0986 0.0128 0.0076

7.99 0.0985 -0.0784 0.0076 0.0985 0.0120 0.0076

1.02 0.1271 0.0046 0.0065 0.1271 0.0046 0.0065

1.99 0.1299 -0.0214 0.0044 0.1299 0.0032 0.0044

3.20 0.1299 -0.0492 0.0040 0.1299 0.0030 0.0040

3.99 0.1295 -0.0676 0.0039 0.1295 0.0024 0.0039

4.95 0.1289 -0.0895 0.0039 0.1290 0.0024 0.0039

5.98 0.1292 -0.1138 0.0040 0.1293 0.0014 0.0040

7.02 0.1293 -0.1374 0.0040 0.1294 0.0009 0.0040

1.04 0.1265 0.0044 0.0071 0.1265 0.0044 0.0071

1.04 0.1351 0.0137 0.0013 0.1351 0.0137 0.0013

1.04 0.1401 0.0257 -0.0021 0.1401 0.0257 -0.0021

1.04 0.1491 0.0378 -0.0077 0.1491 0.0378 -0.0077

6.02 0.1284 -0.1138 0.0039 0.1285 0.0018 0.0039

6.00 0.1415 -0.1047 0.0014 0.1335 0.0111 0.0014

6.01 0.1570 -0.0928 -0.0028 0.1410 0.0221 -0.0028

6.01 0.1713 -0.0806 -0.0066 0.1483 0.0331 -0.0066

1.07 0.1502 0.0000 0.0034 0.1502 0.0000 0.0034

1.99 0.1507 -0.0312 0.0030 0.1507 0.0002 0.0030

3.23 0.1500 -0.0666 0.0036 0.1501 0.0004 0.0036

1.07 -0.0090 0.0063 0.0035 -0.0090 0.0063 0.0035

1.99 -0.0076 -0.0241 0.0027 -0.0076 0.0072 0.0027

3.21 -0.0085 -0.0592 0.0035 -0.0085 0.0071 0.0035

4.48 -0.0083 -0.0962 0.0037 -0.0083 0.0067 0.0037

5.49 -0.0083 -0.1284 0.0038 -0.0083 0.0061 0.0038

1.02 -0.0067 0.0066 0.0026 -0.0067 0.0066 0.0026

1.99 -0.0073 -0.0478 0.0027 -0.0073 0.0073 0.0027

3.27 -0.0088 -0.1133 0.0032 -0.0088 0.0072 0.0032

3.94 -0.0101 -0.1486 0.0038 -0.0101 0.0066 0.0038

4.73 -0.0111 -0.1884 0.0043 -0.0112 0.0063 0.0043

5.43 -0.0121 -0.2257 0.0046 -0.0122 0.0060 0.0046

1.04 -0.0091 0.0067 0.0032 -0.0091 0.0067 0.0032

1.04 -0.0053 0.0072 0.0017 -0.0053 0.0072 0.0017

1.04 -0.0011 0.0077 -0.0014 -0.0011 0.0077 -0.0014

1.04 0.0109 0.0118 -0.0074 0.0109 0.0118 -0.0074

4.74 -0.0112 -0.1877 0.0045 -0.0113 0.0074 0.0045

4.80 0.0061 -0.1903 0.0026 -0.0077 0.0072 0.0026

4.81 0.0285 -0.1893 -0.0022 0.0009 0.0078 -0.0022

4.75 0.0537 -0.1823 -0.0091 0.0135 0.0103 -0.0091
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Table 25. Continued

(a) Concluded

MACH

0.202

0.201

0.200

0.201

0.199

0.200

0.198

0.199

0.199

0.198

0.202

0.200

0.199

0.199

0.199

0.200

ALPHA

0.00

0.01

0.02

0.00

0.01

0.02

-0.01

4.01

7.98

12.01

14.50

0.05

4.02

7.99

12.01

14.50

NPR CL CD-F CM CLA CDA CMA

1.00 -0.0092 0.0047 0.0010 -0.0092 0.0047 0.0010

1.56 -0.0209 -0.3016 -0.0003 -0.0210 -0.0001 -0.0003

2.02 -0.0237 -0.5031 0.0055 -0.0239 0.0083 0.0055

2.60 -0.0311 -0.7603 0.0089 -0.0311 0.0137 0.0089

3.17 -0.0385 -1.0390 0.0114 -0.0388 0.0126 0.0114

3.94 -0.0399 -1.3780 0.0143 -0.0404 0.0169 0.0143

1.01 -0.0096 0.0050 0.0016 -0.0096 0.0050 0.0016

1.00 -0.0029 0.0041 0.0002 -0.0029 0.0041 0.0002

1.00 -0.0031 0.0099 -0.0048 -0.0031 0.0099 -0.0048

1.00 0.0165 0.0132 -0.0132 0.0165 0.0132 -0.0132

1.00 0.0196 0.0117 -0.0182 0.0196 0.0117 -0.0182

3.18 -0.0379 -1.0270 0.0127 -0.0388 0.0206 0.0127

3.22 0.0621 -1.0600 0.0113 -0.0130 0.0097 0.0113

3.17 0.1337 -1.0260 0.0037 -0.0122 0.0130 0.0037

3.21 0.2296 -1.0140 -0.0048 0.0081 0.0270 -0.0048

3.22 0.2733 -i.0010 -0.0125 0.0077 0.0255 -0.0125
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Table 25. Continued

(b) Lateral characteristics

MACH

1.205

1.200

1.199

1.199

1.200

1.200

1.199

0.900

0.901

0.900

0.900

0.899

0.899

0.901

0.898

0.896

0.901

0.899

0.901

0.898

0.899

0.899

0.801

0.800

0.800

0.796

0.800

0.799

0.799

0.791

0.600

0.603

0.601

0.600

0.601

0.599

0.599

0.599

0.601

0.600

0.601

0.601

0.600

0.599

ALPHA NPR CR CN CY CRA CNA CYA

-0.05

-0.03

-0.04

-0.04

-0.03

-0.03

-0.03

-0.06

-0.06

-0.06

-0.06

-0.06

-0.06

-0.06

-0.05

3.95

7.94

11.73

-0.02

3.97

7.94

11.43

-0.04

-0.04

-0.05

0.01

0.03

0.02

0.02

0.02

-0.01

0.00

0.00

0.01

0.01

0.02

-0.01

4.02

7.99

11.77

0.03

4.01

7.99

11.78

0.85 0.0002 0.0005 -0.0019 0.0002 0.0005 -0.0019

1.97 0.0001 0.0000 -0.0004 0.0001 0.0000 -0.0004

3.20 0.0001 0.0000 -0.0004 0.0001 0.0000 -0.0004

4.03 0.0001 0.0000 -0.0005 0.0001 0.0000 -0.0005

5.52 0.0001 0.0000 -0.0004 0.0001 0.0000 -0.0004

7.27 0.0001 0.0000 -0.0004 0.0001 0.0000 -0.0004

7.99 0.0001 0.0000 -0.0003 0.0001 0.0000 -0.0003

1.02 0.0000 -0.0006 0.0015 0.0000 -0.0006 0.0015

1.99 0.0000 -0.0012 0.0033 0.0000 -0.0012 0.0033

3.20 0.0001 -0.0011 0.0030 0.0001 -0.0011 0.0030

3.99 0.0001 -0.0011 0.0031 0.0001 -0.0011 0.0031

4.95 0.0001 -0.0011 0.0029 0.0001 -0.0011 0.0029

5.98 0.0001 -0.0010 0.0030 0.0001 -0.0010 0.0030

7.02 0.0001 -0.0010 0.0027 0.0001 -0.0010 0.0027

1.04 0.0000 -0.0005 0.0011 0.0000 -0.0005 0.0011

1.04 -0.0003 -0.0008 -0.0010 -0.0003 -0.0008 -0.0010

1.04 -0.0007 -0.0003 -0.0033 -0.0007 -0.0003 -0.0033

1.04 -0.0010 0.0004 -0.0073 -0.0010 0.0004 -0.0073

6.02 0.0001 -0.0010 0.0017 0.0001 -0.0010 0.0017

6.00 -0.0003 -0.0008 0.0002 -0.0003 -0.0008 0.0002

6.01 -0.0007 -0.0004 -0.0026 -0.0007 -0.0004 -0.0026

6.01 -0.0010 0.0003 -0.0069 -0.0010 0.0003 -0.0069

1.07 -0.0001 -0.0017 0.0040 -0.0001 -0.0017 0.0040

1.99 0.0000 -0.0016 0.0038 0.0000 -0.0016 0.0038

3.23 0.0001 -0.0014 0.0031 0.0001 -0.0014 0.0031

1.07 0.0000 -0.0018 0.0067 0.0000 -0.0018 0.0067

1.99 0.0001 -0.0016 0.0065 0.0001 -0.0016 0.0065

3.21 0.0001 -0.0014 0.0062 0.0001 -0.0014 0.0062

4.48 0.0001 -0.0013 0.0062 0.0001 -0.0013 0.0062

5.49 0.0001 -0.0012 0.0062 0.0001 -0.0012 0.0062

1.02 0.0002 -0.0014 0.0066 0.0002 -0.0014 0.0066

1.99 0.0002 -0.0013 0.0056 0.0002 -0.0013 0.0056

3.27 0.0002 -0.0012 0.0049 0.0002 -0.0012 0.0049

3.94 0.0002 -0.0010 0.0045 0.0002 -0.0010 0.0045

4.73 0.0003 -0.0010 0.0039 0.0003 -0.0010 0.0039

5.43 0.0003 -0.0009 0.0037 0.0003 -0.0009 0.0037

1.04 0.0002 -0.0013 0.0041 0.0002 -0.0013 0.0041

1.04 -0.0003 -0.0012 0.0043 -0.0003 -0.0012 0.0043

1.04 -0.0007 -0.0015 0.0048 -0.0007 -0.0015 0.0048

1.04 -0.0010 -0.0012 0.0031 -0.0010 -0.0012 0.0031

4.74 0.0003 -0.0010 0.0039 0.0003 -0.0010 0.0039

4.80 -0.0002 -0.0010 0.0041 -0.0002 -0.0010 0.0041

4.81 -0.0007 -0.0012 0.0047 -0.0007 -0.0012 0.0047

4.75 -0.0012 -0.0011 0.0029 -0.0012 -0.0011 0.0029
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Table 25. Concluded

(b) Concluded

MACH

0.202

0.201

0.200

0.201

0.199

O.200

0.198

0.199

0.199

0.198

0.202

0.200

0.199

0.199

0.199

0.200

ALPHA NPR CR CN CY CRA CNA CYA

0.00

0.01

0.02

0.00

0.01

0.02

-0.01

4.01

7.98

12.01

14.50

0.05

4.02

7.99

12.01

14.50

1.00 0.0008 -0.0009 0.0058 0.0008 -0.0009 0.0058

1.56 0.0008 -0.0017 0.0060 0.0008 -0.0017 0.0060

2.02 0.0010 -0.0011 0.0067 0.0010 -0.0011 0.0067

2.60 0.0009 -0.0011 0.0067 0.0009 -0.0011 0.0067

3.17 0.0011 -0.0007 0.0054 0.0011 -0.0007 0.0054

3.94 0.0011 -0.0002 0.0060 0.0011 -0.0002 0.0060

1.01 0.0009 -0.0010 0.0060 0.0009 -0.0010 0.0060

1.00 0.0008 -0.0013 0.0078 0.0008 -0.0013 0.0078

1.00 0.0007 -0.0019 0.0097 0.0007 -0.0019 0.0097

1.00 -0.0008 -0.0020 0.0120 -0.0008 -0.0020 0.0120

1.00 -0.0008 -0.0026 0.0119 -0.0008 -0.0026 0.0119

3.18 0.0010 -0.0011 0.0056 0.0010 -0.0011 0.0056

3.22 0.0001 -0.0011 0.0061 0.0001 -0.0011 0.0061

3.17 -0.0008 -0.0019 0.0109 -0.0008 -0.0019 0.0109

3.21 -0.0006 -0.0023 0.0080 -0.0006 -0.0023 0.0080

3.22 -0.0006 -0.0025 0.0092 -0.0006 -0.0025 0.0092
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Table 26. Aerodynamic Characteristics for Standard Nozzle With 0 = 30 °,

_v,p,l = 20°, _v,p,r = 20°, and _ = 5°

(a) Longitudinal characteristics

MACH

1.200

1.200

1.200

1.200

1.200

1.201

1.200

0.900

0.900

0.900

0.901

0.900

0.900

0.900

0.901

0.900

0.898

0.902

0.900

0.900

0.901

0.901

0.801

0.801

0.802

0.801

0.797

0.601

0.601

0.600

0.600

0.599

0.600

0.600

0.600

0.600

0.599

0.601

0.600

0.600

0.600

ALPHA NPR CL CD-F CM CLA CDA

-0.01 0.77 0.0042 0.0234 -0.0092 0.0042 0.0234

-0.01 2.05 0.0019 0.0058 -0.0076 -0.0028 0.0174

-O.O1 3.25 0.0083 -0.0071 -0.0136 -0.0008 0.0177

-0.O1 3.98 0.0128 -0.0150 -0.0171 0.0010 0.0186

-0.02 5.54 0.0243 -0.0317 -0.0268 0.0081 0.0203

-0.03 7.31 0.0308 -0.0528 -0.0323 0.0096 0.0200

-0.02 7.99 0.0330 -0.0616 -0.0341 0.0098 0.0195

0.02 0.94 -0.0046 0.0113 -0.0003 -0.0046 0.0113

0.02 1.99 0.0153 -0.0094 -0.0176 0.0075 0.0102

0.02 3.19 0.0206 -0.0331 -0.0222 0.0048 0.0098

0.00 3.99 0.0320 -0.0488 -0.0318 O.Olll 0.0111

-0.03 5.04 0.0414 -0.0702 -0.0400 0.0151 0.0118

-0.02 6.03 0.0509 -0.0909 -0.0466 0.0196 0.0121

-0.03 7.00 0.0576 -0.1114 -0.0528 0.0214 0.0119

0.02 0.96 -0.0044 0.0107 -0.0002 -0.0044 0.0107

4.01 0.96 0.0010 0.0121 -0.0042 0.0010 0.0121

7.99 0.95 0.0119 0.0154 -0.0103 0.0119 0.0154

10.62 0.94 0.0167 0.0180 -0.0134 0.0167 0.0180

-0.02 5.96 0.0507 -0.0892 -0.0459 0.0197 0.0123

4.01 5.97 0.0632 -0.0841 -0.0508 0.0252 0.0148

7.97 6.00 0.0806 -0.0768 -0.0579 0.0357 0.0198

10.58 6.03 0.0911 -0.0711 -0.0628 0.0414 0.0241

0.04 0.97 -0.0017 0.0104 -0.0029 -0.0017 0.0104

-0.01 2.05 0.0294 -0.0161 -0.0286 0.0188 0.0103

0.02 3.17 0.0316 -0.0451 -0.0303 0.0118 0.0086

-0.02 4.47 0.0492 -0.0772 -0.0455 0.0197 0.0112

-0.01 5.48 0.0613 -0.1040 -0.0540 0.0249 0.0123

-0.02 0.98 0.0116 0.0101 -0.0123 0.0116 0.0101

0.00 2.02 0.0542 -0.0346 -0.0490 0.0362 0.0106

0.01 3.23 0.0630 -0.0895 -0.0561 0.0269 0.0088

-0.03 3.98 0.0768 -0.1234 -0.0679 0.0299 0.0106

-0.02 4.78 0.0889 -0.1614 -0.0774 0.0326 0.0112

-0.03 5.49 0.0992 -0.1955 -0.0852 0.0349 0.0107

0.00 1.00 0.0109 0.0100 -0.0116 0.0109 0.0100

4.02 0.99 0.0154 0.0124 -0.0153" 0.0154 0.0124

8.00 0.99 0.0328 0.0175 -0.0275 0.0328 0.0175

12.03 0.99 0.0442 0.0252 -0.0347 0.0442 0.0252

-0.02 4.81 0.0882 -0.1621 -0.0771 0.0319 0.0110

4.00 4.81 0.1062 -0.1552 -0.0807 0.0376 0.0141

8.00 4.81 0.1259 -0.1438 -0.0870 0.0458 0.0202

11.25 4.81 0.1468 -0.1318 -0.0940 0.0575 0.0273

CMA

-0.0092

-0.0030

-0.0052

-0.0068

-0.0127

-0.0138

-0.0139

-0.0003

-0.0098

-0.0076

-0.0135

-0.0171

-0.0192

-0.0212

-0.0002

-0.0042

-0.0103

-0.0134

-0.0189

-0.0238

-0.0309

-0.0355

-0.0029

-0.0180

-0.0120

-0.0197

-0.0223

-0.0123

-0.0309

-0.0227

-0.0269

-0.0282

-0.0290

-0.0116

-0.0153

-0.0275

-0.0347

-0.0279

-0.0313

-0.0377

-0.0446
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Table 26. Continued

(a) Concluded

MACH

0.202

0.201

0.199

0.200

0.200

0.200

0.199

0.200

0.200

0.199

0.200

0.201

0.200

0.201

0.201

0.198

ALPHA

0.03

0.00

0.00

-0.03

-0.02

-0.02

0.01

4.00

7.99

12.00

14.52

-0.01

4.01

8.01

11.98

14.52

NPR

0.99

1.54

2.04

2.63

3.18

3.99

1.00

1. O0

1. O0

1.00

1.00

3.21

3.21
3.21

3.21

3.21

CL CD-F CM CLA CDA CMA

0.0064

0.1001

0.2094

0.3066

0.3480

0.4555

0.0066

0.0152

0.0333

0.0351

0.0568

0.3591

0.4233
0.4817

0.5619

0.6170

0.0061 -0.0196

-0.2177 -0.1111

-0.4102 -0.2061

-0.6460 -0.2805

-0.8652 -0.3189

-1.1990 -0.3966

0.0066 -0.0201

0.0077 -0.0223

0.0158 -0.0271

0.0176 -0.0364

0.0275 -0.0400

-0.8663 -0.3153

-0.8514 -0.3182

-0.8110 -0.3221

-0.7644 -0.3299

-0.7655 -0.3462

0.0064

0.0213

0.0393

0.0584

0.0296

0.0322

0.0066

0.0152

0.0333

0.0351

0.0568

0.0402

0.0417

0.0437

0.0699

0.0717

0.0061

0.0107

0.0133

0.0124

0.0019

0.0120

0.0066

0.0077

0.0158

0.0176

0.0275

0.0025

-0.0011

0.0067

0.0185

0.0226

-0.0196

-0.0253

-0.0364

-0.0459

-0.0236

-0.0265

-0.0201

-0.0223

-0.0271

-0.0364

-0.0400

-0.0199

-0.0207

-0.0260

-0.0348

-0.0403
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Table 26. Continued

(b) Lateral characteristics

MACH

1.200

1.200

1.200

1.200

1.200

1.201

1.200

0.900
0.900

0.900

0.901

0.900

0.900

0.900

0.901

0.900

0.898

0.902
0.900

0.900

0.901

0.901

0.801

0.801

0.802

0.801

0.797

0.601

0.601

0.600
0.600

0.599
0.600

0.600

0.600

0.600

0.599

0.601

0.600

0.600

0.600

ALPHA NPR CR CN CY CRA CNA CYA

-0.01

-0.01

-00l

-00l

-0 02

-0 03
-0 02

0 02

0 02

0 02

0 O0

-0.03

-0.02
-0.03

0.02

4.01

7.99

10.62

-0.02

4.01

7.97

10.58

0.04

-0.01

0.02

-0.02
-0.01

-0.02

0.00

0.01

-0.03

-0.02

-0.03

0.00

4.02

8.00

12.03
-0.02

4.00

8.00

11.25

0.77 0.0006 0.0009 -0.0017

2.05 0.0003 0.0001 0.0004

3.25 0.0003 -0.0001 0.0014

3.98 0.0003 -O.0001 0.0016

5.54 0.0002 -0.0001 0.0028

7.31 0.0003 0.0000 0.0030

7.99 0.0003 0.0000 0.0030

0.94 0.0002 -0.0003 0.0019
1.99 0.0003 -0.0002 0.0018

3.19 0.0002 -0.0004 0.0035

3.99 0.0003 -0.0002 0.0041

5.04 0.0003 -0.0001 0.0046

6.03 0.0004 0.0000 0.0044

7.00 0.0004 0.0001 0.0045

0.96 0.0003 -0.0002 0.0017

0.96 -0.0003 0.0000 -0.0011

0.95 -0.0006 0.0003 -0.0038

0.94 -0.0008 0.0007 -0.0056

5.96 0.0004 0.0000 0.0043
5.97 -0.0001 0.0004 0.0015

6.00 -0.0005 0.0009 -0.0015

6.03 -0.0007 0.0015 -0.0044
0.97 0.0002 -0.0001 0.0003

2.05 0.0002 0.0002 0.0012

3.17 0.0002 -0.0002 0.0024

4.47 0.0002 0.0000 0.0034

5.48 0.0003 0.0001 0.0034

0.98 0.0007 0.0014 -0.0051
2.02 0.0001 -0.0001 0.0026

3.23 0.0003 0.0005 0.0013

3.98 0.0002 0.0002 0.0028
4.78 0.0001 0.0001 0.0046

5.49 0.0002 0.0001 0.0052

1.00 0.0007 0.0014 -0.0057

0.99 0.0000 0.0014 -0.0053

0.99 -0.0010 -0.0007 0.0014

0.99 -0.0012 -0.0006 -0.0003

4.81 0.0002 0.0002 0.0050

4.81 -0.0004 0.0002 0.0053

4.81 -0.0009 0.0000 0.0038

4.81 -0.0011 0.0000 0.0036

0.0006

0.0003

0.0003

0.0003

0.0002

0.0003
0.0003

0.0002

0.0003

0.0002

0.0003

0.0003

0.0004

0.0004

0.0003

-0.0003

-0.0006

-0.0008

0.0004
-0.0001

-0.0005

-0.0007

0.0002

0.0002

0.0002

0.0002

0.0003
0.0007

0.0001

0.0003

0.0002

0.0001

0.0002

0.0007

0.0000

-0.0010

-0.0012

0.0002

-0.0004

-0.0009

-0.0011

0.0009
0.0001

-0.0001

-0.0001
-0.0001

0.0000

0.0000

-0.0003

-0.0002

-0.0004

-0.0002

-0.0001

0.0000
0.0001

-0.0002

0.0000

0.0003

0.0007

0.0000

0.0004

0.0009

0.0015

-0.0001

0.0002

-0.0002
0.0000

0.0001

0.0014

-0.0001

0.0005

0.0002

0.0001

0.0001

0.0014

0.0014

-0.0007

-0.0006
0.0002

0.0002
0.0000

0.0000

-0.0017

0.0004

0.0014

0.0016

0.0028

0.0030

0.0030

0.0019

0.0018
0.0035

0.0041

0.0046

0.0044

0.0045

0.0017

-0.0011

-0.0038

-0.0056

0.0043

O.0015

-0.0015

-0.0044
0.0003

0.0012

0.0024

0.0034

0.0034

-0.0051

0.0026

0.0013

0.0028

0.0046

0.0052
-0.0057

-O.OO53

0.0014

-0.0003

0.0050

0.0053

0.0038

0.0036

97



Table 26. Concluded

(b) Concluded

MACH

0.202

0.201

0.199

0.200

0.200

0.200

0.199

0.200

0.200

0.199

0.200

0.201

0.200

0.201

0.201

0.198

ALPHA NPR CR CN CY CRA CNA CYA

0.03

0.00

0.00

-0.03

-0.02

-0.02

0.01

4.00

7.99

12.00

14.52

-0.01

4.01

8.01

11.98

14.52

0.99 0.0003 -0.0001 -0.0076 0.0003

1.54 0.0004 -0.0005 0.0001 0.0004

2.04 0.0006 -0.0003 0.0032 0.0006

2.63 0.0010 0.0005 0.0012 0.0010

3.18 0.0011 0.0017 0.0016 0.0011

3.99 0.0010 0.0017 0.0182 0.0010

1.00 0.0002 0.0000 -0.0010 0.0002

1.00 0.0001 -0.0013 0.0020 0.0001

1.00 -0.0002 -0.0034 0.0066 -0.0002

1.00 -0.0014 -0.0044 0.0102 -0.0014

1.00 -0.0014 -0.0050 0.0088 -0.0014

3.21 0.0009 0.0015 0.0072 0.0009

3.21 0.0009 0.0002 0.0058 0.0009

3.21 -0.0004 -0.0013 0.0195 -0.0004

3.21 -0.0004 -0.0025 0.0100 -0.0004

3.21 -0.0004 -0.0031 0.0116 -0.0004

-0.0001

-0.0005

-0.0003

0.0005

0.0017

0.0017

0.0000

-0.0013

-0.0034

-0.0044

-0.0050

0.0015

0.0002

-0.0013

-0.0025

-0.0031

-0.0076

0.0001

0.0032

0.0012

0.0016

0.0182

-0.0010

0.0020

0.0066

0.0102

0.0088

0.0072

0.0058

0.0195

0.0100

0.0116
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Table27.AerodynamicCharacteristicsfor StandardNozzleWith _= 30°,
_v,p,l: -200, _v,p,r : 20°, and _ = 5°

(a) Longitudinal characteristics

MACH

1.199

1.199

1.200

1.199

1.201

1.202

1.200

0.902

0.901

0.902

0.901

0.900

0.900

0.899

0.899

0.900

0.900

0.901

0.900

0.901

0.900

0.901

0.799

0.799

0.801

0.800

0.800

0.601

0.599

0.600

0.601

0.601

0.601

0.599

0.600

0.600

0.600

0.600

0.602

0.601

0.599

ALPHA NPR CL CD-F CM CLA CDA

0.02 0.78 -0.0148 0.0234 0.0087 -0.0148 0.0234

0.02 2.04 -0.0129 0.0073 0.0067 -0.0129 0.0191

0.02 3.19 -0.0131 -0.0040 0.0064 -0.0131 0.0204

0.03 3.97 -0.0139 -0.0126 0.0080 -0.0139 0.0211

0.04 5.51 -0.0097 -0.0281 0.0041 -0.0097 0.0235

0.05 7.30 -0.0100 -0.0515 0.0040 -0.0101 0.0211

0.06 7.98 -0.0099 -0.0608 0.0040 -0.0100 0.0201

0.00 0.95 -0.0089 0.0120 0.0026 -0.0089 0.0120

0.00 1.95 -0.0104 -0.0075 0.0039 -0.0104 0.0117

0.01 3.19 -0.0062 -0.0318 0.0013 -0.0062 0.0115

0.05 4.02 -0.0059 -0.0486 0.0011 -0.0060 0.0122

0.05 5.03 -0.0067 -0.0695 0.0012 -0.0068 0.0124

0.07 5.99 -0.0060 -0.0897 0.0012 -0.0061 0.0124

0.07 6.99 -0.0053 -0.Iii0 O.0011 -0.0054 0.0123

-0.02 0.96 -0.0076 0.0114 0.0026 -0.0076 0.0114

4.03 0.96 -0.0023 0.0120 -0.0015 -0.0023 0.0120

7.98 0.95 0.0051 0.0145 -0.0061 0.0051 0.0145

I1.57 0.94 0.0134 0.0177 -0.0096 0.0134 0.0177

0.04 5.96 -0.0055 -0.0888 0.0013 -0.0056 0.0126

4.06 6.02 0.0066 -0.0899 -0.0025 -0.0006 0.0123

8.02 6.02 0.0213 -0.0872 -0.0070 0.0070 0.0146

12.03 6.02 0.0379 -0.0821 -0.0123 0.0165 0.0182

0.04 0.98 -0.0075 0.0113 0.0024 -0.0075 0.0113

0.00 1.96 -0.0093 -0.0130 0.0042 -0.0093 0.0116

0.02 3.21 -0.0061 -0.0447 0.0011 -0.0062 0.0106

0.06 4.54 -0.0050 -0.0786 0.0013 -0.0051 0.0120

0.07 5.48 -0.0054 -0.1039 0.O011 -0.0056 0.0119

0.02 0.99 -0.0166 0.0112 0.0094 -0.0166 0.0112

0.01 1.96 -0.0042 -0.0319 -0.0018 -0.0042 0.0116

0.03 3.21 -0.0098 -0.0887 0.0025 -0.0098 0.0101

0.06 3.99 -0.0063 -0.1239 0.0001 -0.0064 0.0111

0.06 4.81 -0.0038 -0.1619 -0.0002 -0.0040 0.0115

0.05 5.50 -0.0047 -0.1947 0.0000 -0.0049 0.0110

-0.02 1.00 -0.0168 0.0111 0.0098 -0.0168 0.0111

4.03 1.00 -0.0130 0.0101 0.0074 -0.0130 0.0101

8.01 1.01 0.0038 0.0119 -0.0044 0.0038 0.0119

12.01 1.01 0.0124 0.0150 -0.0090 0.0124 0.0150

0.06 4.80 -0.0039 -0.1623 0.0002 -0.0041 0.0111

4.06 4.80 0.0120 -0.1612 -0.0028 -0.0002 0.0110

8.02 4.80 0.0316 -0.1580 -0.0066 0.0075 0.0130

12.02 4.79 0.0559 -0.1532 -0.0139 0.0198 0.0167

CMA

0.0087

0.0067

0.0064

0.0080

0.0041

0.0040

0.0040

0.0026

0.0039

0.0013

0.0011

0.0012

0.0012

0.0011

0.0026

-0.0015

-0.0061

-0.0096

0.0013

-0.0025

-0.0070

-0.0123

0.0024

0.0042

0.0011

0.0013

0.0011

0.0094

-0.0018

0.0025

0.0001

-0.0002

0.0000

0.0098
0.0074

-0.0044

-0.0090

0.0002

-0.0028

-0.0066

-0.0139
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Table 27. Continued

(a) Concluded

MACH

0.202

0.201

0.201

0.199

0.199

0.200

0.201

0.201

0.201

0.200

0.200

0.200

0.201

0.200

0.200

0.200

ALPHA

0.03

0.01

0.04

0.04

0.05

0.05

-0.01

4.01

7.98

12.02

14.51

0.06

4.05

8.05

12.03

14.53

NPR CL CD-F CM CLA CDA CMA

1.00 -0.0139 0.0098 -0.0025 -0.0139 0.0098 -0.0025

1.52 -0.0085 -0.2171 -0.0061 -0.0085 0.0080 -0.0061

2.02 -0.0066 -0.3953 -0.0078 -0.0069 0.0158 -0.0078

2.65 -0.0087 -0.6610 -0.0061 -0.0091 0.0240 -0.0061

3.21 0.0014 -0.8945 -0.0023 0.0006 0.0049 -0.0023

3.98 0.0003 -1.2040 -0.0015 -0.0008 0.0124 -0.0015

1.00 -0.0166 0.0100 0.0004 -0.0166 0.0100 0.0004

1.00 -0.0119 0.0060 -0.0007 -0.0119 0.0060 -0.0007

1.00 0.0107 0.0057 -0.0053 0.0107 0.0057 -0.0053

1.00 0.0086 0.0081 -0.0132 0.0086 0.0081 -0.0132

1.00 0.0344 0.0161 -0.0150 0.0344 0.0161 -0.0150

3.21 0.0065 -0.8858 0.0001 0.0056 0.0026 0.0001

3.21 0.0693 -0.8776 -0.0021 0.0071 0.0014 -0.0021

3.21 0.1358 -0.8783 -0.0048 0.0113 0.0023 -0.0048

3.21 0.2182 -0.8612 -0.0123 0.0333 0.0067 -0.0123

3.21 0.2608 -0.8476 -0.0166 0.0380 0.0118 -0.0166
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Table27.Continued

(b)Lateralcharacteristics

MACH

1.199

1.199

1.200

1.199

1.201

1.202

1.200

0.902

0.901

0.902

0.901

0.900

0.900

0.899

0.899

0.900

0.900

0.901

0.900

0.901

0.900

0.901

0.799

0.799

0.801

0.800
0.800

0.601

0.599

0.600

0.601

0.601

0.601

0.599

0.600

0.600

0.600

0.600

0.602

0.601

0.599

ALPHA NPR CR CN CY CRA CNA CYA

0.02

0.02

0.02

0.03

0.04

0.05

0.06

0.00

0.00

0.01

0.05

0.05

0.07

0.07

-0.02

4.03

7.98

11.57

0.04

4.06

8.02

12.03

0.04

0.00

0.02

0.06

0.07

0.02

0.01

0.03

0.06

0.06

0.05

-0.02

4.03

8.01

12.01

0.06

4.06

8.02

12.02

0.78 -0.0005 -0.0019 0.0074 -0.0005 -0.0019 0.0074

2.04 -0.0005 -0.0021 0.0074 -0.0002 -0.0010 0.0037

3.19 -0.0009 -0.0035 0.0126 -0.0004 -0.0015 0.0057

3.97 -0.0012 -0.0047 0.0167 -0.0005 -0.0020 0.0076

5.51 -0.0018 -0.0065 0.0236 -0.0008 -0.0029 0.0116

7.30 -0.0020 -0.0072 0.0263 -0.0006 -0.0026 0.0108

7.98 -0.0021 -0.0076 0.0276 -0.0005 -0.0025 0.0107

0.95 0.0002 -0.0006 0.0032 0.0002 -0.0006 0.0032

1.95 -0.0007 -0.0039 0.0144 -0.0002 -0.0021 0.0082

3.19 -0.0011 -0.0054 0.0208 -0.0001 -0.0017 0.0085

4.02 -0.0015 -0.0072 0.0271 -0.0002 -0.0023 0.0106

5.03 -0.0020 -0.0087 0.0314 -0.0003 -0.0029 0.0117

5.99 -0.0024 -0.0100 0.0364 -0.0004 -0.0031 0.0132

6.99 -0.0028 -0.0113 0.0403 -0.0003 -0.0034 0.0136

0.96 0.0002 -0.0006 0.0032 0.0002 -0.0006 0.0032

0.96 -0.0003 -0.0006 0.0007 -0.0003 -0.0006 0.0007

0.95 -0.0006 -0.0006 -0.0007 -0.0006 -0.0006 -0.0007

0.94 -0.0009 0.0001 -0.0048 -0.0009 0.0001 -0.0048

5.96 -0.0023 -0.0099 0.0355 -0.0003 -0.0030 0.0125

6.02 -0.0029 -0.0100 0.0340 -0.0008 -0.0031 0.0109

6.02 -0.0034 -0.0101 0.0330 -0.0014 -0.0032 0.0098

6.02 -0.0037 -0.0092 0.0272 -0.0016 -0.0023 0.0040

0.98 0.0001 -0.0008 0.0024 0.0001 -0.0008 0.0024

1.96 -0.0012 -0.0051 0.0189 -0.0005 -0.0028 0.0110

3.21 -0.0015 -0.0068 0.0252 -0.0003 -0.0021 0.0095

4.54 -0.0024 -0.0098 0.0356 -0.0006 -0.0030 0.0130

5.48 -0.0028 -0.0114 0.0403 -0.0004 -0.0034 0.0134

0.99 -0.0005 -0.0018 0.0063 -0.0005 -0.0018 0.0063

1.96 -0.0023 -0.0086 0.0326 -0.0012 -0.0045 0.0186

3.21 -0.0030 -0.0115 0.0408 -0.0007 -0.0032 0.0127

3.99 -0.0038 -0.0145 0.0505 -0.0009 -0.0037 0.0138

4.81 -0.0044 -0.0167 0.0593 -0.0009 -0.0041 0.0170

5.50 -0.0050 -0.0185 0.0638 -0.0009 -0.0042 0.0160

1.00 -0.0005 -0.0017 0.0063 -0.0005 -0.0017 0.0063

1.00 -0.0010 -0.0022 0.0068 -0.0010 -0.0022 0.0068

1.01 -0.0018 -0.0049 0.0165 -0.0018 -0.0049 0.0165

1.01 -0.0021 -0.0049 0.0156 -0.0021 -0.0049 0.0156

4.80 -0.0043 -0.0168 0.0579 -0.0008 -0.0041 0.0155

4.80 -0.0050 -0.0175 0.0605 -0.0014 -0.0049 0.0183

4.80 -0.0055 -0.0186 0.0621 -0.0019 -0.0060 0.0199

4.79 -0.0060 -0.0190 0.0627 -0.0024 -0.0064 0.0202
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Table 27. Concluded

(b) Concluded

MACH

0.202

0.201

0.201

0.199

0.199

0.200

0.201

0.201

0.201

0.200

0.200

0.200

0.201

0.200

0.200

0.200

ALPHA

0.03

0.01

0.04

0.04

0.05

0.05

-0.01

4.01

7.98

12.02

14.51

0.06

4.05

8.05

12.03

14.53

NPR CR CN CY CRA CNA CYA

1.00 -0.0006 -0.0029 0.0023 -0.0006 -0.0029 0.0023

1.52 -0.0063 -0.0250 0.0729 0.0009 -0.0014 -0.0071

2.02 -0.0128 -0.0452 0.1587 -0.0018 -0.0067 0.0280

2.65 -0.0193 -0.0671 0.2427 -0.0032 -0.0086 0.0441

3.21 -0.0224 -0.0776 0.2769 -0.0021 -0.0021 0.0212

3.98 -0.0277 -0.0985 0.3452 -0.0017 -0.0009 0.0144

1.00 -0.0005 -0.0028 0.0167 -0.0005 -0.0028 0.0167

1.00 -0.0013 -0.0049 0.0216 -0.0013 -0.0049 0.0216

1.00 -0.0016 -0.0070 0.0239 -0.0016 -0.0070 0.0239

1.00 -0.0023 -0.0090 0.0281 -0.0023 -0.0090 0.0281

1.00 -0.0022 -0.0099 0.0290 -0.0022 -0.0099 0.0290

3.21 -0.0209 -0.0774 0.2743 -0.0008 -0.0029 0.0217

3.21 -0.0220 -0.0787 0.2751 -0.0021 -0.0048 0.0246

3.21 -0.0225 -0.0818 0.2805 -0.0024 -0.0072 0.0276

3.21 -0.0226 -0.0836 0.2889 -0.0025 -0.0091 0.0366

3.21 -0.0223 -0.0845 0.2845 -0.0022 -0.0100 0.0321
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Table28.AerodynamicCharacteristicsfor StandardNozzleWith 0 = 30 °,

_v,p,l -= 0°, _v,p,r = 200, and/3 = 5 °

(a) Longitudinal characteristics

MACH

1.200

1.199

1.200

1.200

1.201

1.200

1.200

0.901

0.902

0.904

0.902

0.897

0.901

0.902

0.902

0.901

0.898

0.903

0.903

0.903

0.901

0.900

0.799

0.801

0.800

0.801

0.799

0.599

0.602

0.603

0.602

0.602

0.599

0.600

0.600

0.601

0.599

0.600

0.601

0.599

0.600

ALPHA NPR CL CD-F CM CLA CDA

0.02 0.81 -0.0060 0.0212 0.0010 -0.0060 0.0212

0.05 1.96 -0.0065 0.0062 0.0008 -0.0087 0.0184

0.04 3.16 -0.0020 -0.0069 -0.0033 -0.0069 0.0194

0.04 4.01 0.0000 -0.0174 -0.0052 -0.0064 0.0194

0.02 5.52 0.0069 -0.0349 -0.0111 -0.0020 0.0204

0.03 7.34 0.0106 -0.0589 -0.0132 -0.0010 0.0183

0.03 7.97 0.0107 -0.0674 -0.0138 -0.0019 0.0175

0.02 0.99 -0.0086 0.0111 0.0041 -0.0086 0.0111

0.01 1.99 0.0002 -0.0135 -0.0051 -0.0039 0.0088

0.02 3.20 0.0055 -0.0383 -0.0089 -0.0032 0.0091

0.02 4.03 0.0106 -0.0560 -0.0133 -0.0007 0.0096

0.03 4.96 0.0159 -0.0775 -0.0171 0.0015 0.0094

0.03 6.03 0.0186 -0.1004 -0.0201 0.0015 0.0087

0.04 7.00 0.0235 -0.1214 -0.0230 0.0037 0.0082

0.02 1.01 -0.0089 0.0104 0.0042 -0.0089 0.0104

4.05 1.00 -0.0053 0.0115 0.0008 -0.0053 0.0115

8.01 1.00 0.0032 0.0135 -0.0031 0.0032 0.0135

11.48 1.00 0.0101 0.0163 -0.0069 0.0101 0.0163

0.05 6.03 0.0183 -0.0994 -0.0195 0.0012 0.0091

4.06 6.03 0.0300 -0.0970 -0.0222 0.0053 0.0100

8.02 6.03 0.0464 -0.0932 -0.0272 0.0142 0.0125

12.05 6.03 0.0634 -0.0862 -0.0322 0.0239 0.0170

0.07 1.01 -0.0067 0.0096 0.0021 -0.0067 0.0096

0.02 1.97 0.0092 -0.0193 -0.0111 0.0043 0.0083

0.03 3.22 0.0129 -0.0529 -0.0148 0.0016 0.0081

0.03 4.54 0.0213 -0.0886 -0.0214 0.0048 0.0085

0.03 5.47 0.0260 -0.1151 -0.0250 0.0061 0.0084

0.03 1.00 -0.0039 0.0087 -0.0006 -0.0039 0.0087

0.03 1.98 0.0234 -0.0396 -0.0229 0.0145 0.0094

0.03 3.22 0.0264 -0.0990 -0.0256 0.0066 0.0084

0.04 3.98 0.0327 -0.1362 -0.0322 0.0075 0.0088

0.05 4.79 0.0398 -0.1757 -0.0370 0.0088 0.0091

0.05 5.49 0.0454 -0.2123 -0.0412 0.0097 0.0082

0.04 1.01 -0.0048 0.0087 0.0000 -0.0048 0.0087

4.06 1.01 0.0003 0.0089 -0.0034 0.0003 0.0089

8.02 1.01 0.0156 0.0125 -0.0143 0.0156 0.0125

12.06 1.01 0.0260 0.0163 -0.0202 0.0260 0.0163

0.06 4.83 0.0402 -0.1787 -0.0372 0.0087 0.0092

4.07 4.83 0.0605 -0.1747 -0.0401 0.0159 0.0104

8.03 4.83 0.0803 -0.1685 -0.0448 0.0229 0.0136

12.06 4.83 0.1061 -0.1583 -0.0527 0.0360 0.0193

CMA

0.0010

0.0030

0.0007

0.0000

-0.0040

-0.0046

-0.0046

0.0041

-0.0011

-0.0016

-0.0040

-0.0053

-0.0068

-0.0082

0.0042

0.0008

-0.0031

-0.0069

-0.0063

-0.0089

-0.0138

-0.0189

0.0021

-0.0061

-0.0054

-0.0080

-0.0092

-0.0006

-0.0139

-0.0091

-0.0115

-0.0114

-0.0129

0.0000

-0.0034

-0.0143

-0.0202

-0.0113

-0.0142

-0.0188

-0.0268
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Table28.Continued

(a) Concluded

MACH

0.202

0.198

0.199

0.199

0.200

0.200

0.199

0.200

0.202

0.203

0.201

0.200

0.203

0.201

0.199

0.197

ALPHA

0.06

0.06

0.07

0.06

0.06

0.07

0.04

4.05

8.03

12.05

14.54

0.05

4.06

8.03

12.07

14.56

NPR CL CD-F CM CLA CDA CMA

0.99 0.0018 0.0039 -0.0075 0.0018 0.0039 -0.0075

1.57 0.0591 -0.2797 -0.0678 0.0204 -0.0007 -0.0195

2.05 0.1029 -0.4767 -0.1084 0.0138 0.0045 -0.0201

2.62 0.1684 -0.7151 -0.1501 0.0253 0.0135 -0.0280

3.19 0.1823 -0.9543 -0.1622 0.0043 0.0080 -0.0136

3.98 0.2246 -1.2980 -0.2025 -0.0040 0.0123 -0.0152

1.00 0.0015 0.0018 -0.0063 0.0015 0.0018 -0.0063

1.00 0.0010 0.0081 -0.0095 0.0010 0.0081 -0.0095

1.00 0.0015 0.0072 -0.0155 0.0015 0.0072 -0.0155

1.00 0.0264 0.0111 -0.0251 0.0264 0.0111 -0.0251

1.00 0.0228 0.0175 -0.0297 0.0228 0.0175 -0.0297

3.21 0.1837 -0.9647 -0.1619 0.0041 0.0097 -0.0119

3.22 0.2442 -0.9272 -0.1596 0.0025 0.0109 -0.0130

3.22 0.3253 -0.9161 -0.1675 0.0158 0.0130 -0.0192

3.22 0.4091 -0.9105 -0.1790 0.0255 0.0174 -0.0270

3.22 0.4558 -0.9019 -0.1874 0.0264 0.0211 -0.0333
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Table28.Continued

(b) Lateralcharacteristics

MACH

1.200

1.199

1 200

1 200

1 201

1 200

1 200

0 901

0.902

0.904

0.902

0.897

0.901

0.902

0.902

0.901

0.898

0.903

0.903

0.903

0.901

0.900

0.799

0.801

0.800

0.801

0.799

0.599

0.602

0.603

0.602

0.602

0.599

0.600

0.600

0.601

0.599

0.600

0.601

0.599

0.600

ALPHA NPR CR CN CY CRA CNA CYA

0.02

0.05

0.04

0.04

0.02

0.03

0.03

0.02

0.01

0.02

0.02

0.03

0.03

0.04

0.02

4.05

8.01

11.48

0.05

4.06

8.02

12.05

0.07

0.02

0.03

0.03

0.03

0.03

0.03

0.03

0 04

0 05

0 05

0 04

4 06

8 02

12 06

0.06

4.07

8.03

12.06

0.81 0.0000 0.0001 0.0006 0.0000 0.0001 0.0006

1.96 -0.0002 -0.0006 0.0028 0.0000 0.0000 0.0008

3.16 -0.0003 -0.0012 0.0053 0.0000 -0.0002 0.0016

4.01 -0.0004 -0.0016 0.0065 0.0000 -0.0003 0.0016

5.52 -0.0007 -0.0026 0.0112 -0.0002 -0.0009 0.0047

7.34 -0.0009 -0.0033 0.0141 -0.0002 -0.0011 0.0055

7.97 -0.0009 -0.0035 0.0147 -0.0001 -0.0011 0.0054

0.99 0.0002 0.0002 0.0005 0.0002 0.0002 0.0005

1.99 -0.0002 -0.0020 0.0078 0.0001 -0.0010 0.0041

3.20 -0.0004 -0.0026 0.0107 0.0001 -0.0008 0.0040

4.03 -0.0006 -0.0033 0.0139 0.0000 -0.0010 0.0053

4.96 -0.0009 -0.0040 0.0166 -0.0001 -0.0012 0.0060

6.03 -0.0010 -0.0047 0.0195 0.0000 -0.0014 0.0069

7.00 -0.0012 -0.0053 0.0215 0.0000 -0.0016 0.0070

1.01 0.0003 0.0003 0.0000 0.0003 0.0003 0.0000

1.00 -0.0002 0.0005 -0.0023 -0.0002 0.0005 -0.0023

1.00 -0.0006 0.0009 -0.0046 -0.0006 0.0009 -0.0046

1.00 -0.0007 0.0020 -0.0095 -0.0007 0.0020 -0.0095

6.03 -0.0010 -0.0047 0.0192 0.0000 -0.0014 0.0066

6.03 -0.0015 -0.0045 0.0169 -0.0005 -0.0012 0.0044

6.03 -0.0019 -0.0041 0.0141 -0.0009 -0.0009 0.0014

6.03 -0.0022 -0.0032 0.0092 -0.0012 0.0001 -0.0034

1.01 0.0002 0.0000 0.0000 0.0002 0.0000 0.0000

1.97 -0.0004 -0.0024 0.0088 0.0000 -0.0012 0.0042

3.22 -0.0007 -0.0032 0.0125 0.0000 -0.0009 0.0039

4.54 -0.0010 -0.0046 0.0185 -0.0001 -0.0014 0.0063

5.47 -0.0013 -0.0055 0.0213 -0.0001 -0.0016 0.0066

1.00 0.0001 -0.0001 0.0002 0.0001 -0.0001 0.0002

1.98 -0.0012 -0.0048 0.0185 -0.0005 -0.0025 0.0103

3.22 -0.0013 -0.0056 0.0217 -0.0002 -0.0016 0.0066

3.98 -0.0018 -0.0071 0.0280 -0.0003 -0.0020 0.0089

4.79 -0.0022 -0.0083 0.0327 -0.0004 -0.0024 0.0099

5.49 -0.0024 -0.0093 0.0369 -0.0003 -0.0026 0.0108

1.01 0.0002 -0.0002 0.0001 0.0002 -0.0002 0.0001

1.01 -0.0004 -0.0006 0.0009 -0.0004 -0.0006 0.0009

1.01 -0.0012 -0.0028 0.0095 -0.0012 -0.0028 0.0095

1.01 -0.0017 -0.0026 0.0080 -0.0017 -0.0026 0.0080

4.83 -0.0022 -0.0085 0.0335 -0.0004 -0.0024 0.0104

4.83 -0.0028 -0.0088 0.0343 -0.0010 -0.0028 0.0112

4.83 -0.0033 -0.0095 0.0353 -0.0015 -0.0035 0.0122

4.83 -0.0038 -0.0095 0.0356 -0.0020 -0.0035 0.0125
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Table 28. Concluded

(b) Concluded

MACH

0.202

0.198

0.199

0.199

0.200

0.200

0.199

0.200

0.202

0.203

0.201

0.200

0.203

0.201

0.199

0.197

ALPHA NPR CR CN CY CRA CNA CYA

0.06

0.06

0.07

0.06

0.06

0.07

0.04

4.05

8.03

12.05

14.54

0.05

4.06

8.03

12.07
14.56

0.99 0.0006 -0.0015 0.0008 0.0006 -0.0015 0.0008

1.57 -0.0044 -0.0162 0.0430 0.0003 -0.0041 0.0020

2.05 -0.0076 -0.0257 0.0869 -0.0012 -0.0036 0.0059

2.62 -0.0092 -0.0341 0.1257 -0.0008 -0.0051 0.0213

3.19 -0.0113 -0.0378 0.1468 -0.0009 -0.0020 0.0112

3.98 -0.0142 -0.0481 0.1818 -0.0010 -0.0022 0.0085

1.00 0.0005 -0.0021 0.0012 0.0005 -0.0021 0.0012

1.00 -0.0003 -0.0027 0.0047 -0.0003 -0.0027 0.0047

1.00 -0.0013 -0.0039 0.0074 -0.0013 -0.0039 0.0074

1.00 -0.0012 -0.0044 0.0090 -0.0012 -0.0044 0.0090

1.00 -0.0011 -0.0053 0.0107 -0.0011 -0.0053 0.0107

3.21 -0.0113 -0.0386 0.1464 -0.0008 -0.0024 0.0091

3.22 -0.0111 -0.0386 0.1438 -0.0008 -0.0032 0.0097

3.22 -0.0114 -0.0403 0.1535 -0.0010 -0.0045 0.0178

3.22 -0.0129 -0.0416 0.1505 -0.0023 -0.0050 0.0114

3.22 -0.0135 -0.0428 0.1645 -0.0027 -0.0057 0.0235
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Table29.LongitudinalAerodynamicCharacteristicsfor StandardNozzleWith 0 = 45 °,

_v,p,l = 0°, _v,p,r : 0°, and/3 = 0°

MACH

1.201

1.201

1.200

1.199

1.199

1.199

1.200

1.199

0.901

0.899

0.899

0.899

0.900

0.899

0.901

0.900

0.900

0.900

0.897

0.902

0.901

0.898

0.900

0.799

0.801

0.800

0.800

0.800

0.600

0.602

0.600

0.601

0.599

0.600

0.600

0.601

0.597

0.601

0.603

0.600

0.598

0.603

ALPHA NPR CL CD-F CM CLA CDA

-0.02 0.85 -0.0115 0.0221 0.0059 -0.0115 0.0221

-0.01 0.85 -0.0117 0.0223 0.0059 -0.0117 0.0223

0.01 1.99 -0.0126 0.0051 0.0062 -0.0126 0.0191

0.01 3.17 -0.0126 -0.0087 0.0060 -0.0126 0.0202

0.01 4.03 -0.0134 -0.0199 0.0064 -0.0134 0.0201

0.02 5.54 -0.0140 -0.0413 0.0070 -0.0140 0.0179

0.02 7.30 -0.0132 -0.0658 0.0067 -0.0133 0.0157

0.01 7.95 -0.0129 -0.0749 0.0063 -0.0129 0.0151

0.01 1.02 -0.0140 0.0109 0.0059 -0.0140 0.0109

-0.01 1.95 -0.0091 -0.0148 0.0019 -0.0091 0.0090

-0.01 3.20 -0.0085 -0.0432 0.0021 -0.0085 0.0089

-0.01 4.00 -0.0088 -0.0619 0.0022 -0.0088 0.0085

0.00 4.97 -0.0094 -0.0841 0.0024 -0.0094 0.0080

0.01 5.99 -0.0101 -0.1079 0.0027 -0.0101 0.0075

0.01 7.00 -0.0104 -0.1309 0.0026 -0.0104 0.0070

0.02 1.04 -0.0121 0.0101 0.0056 -0.0121 0.0101

4.02 1.03 -0.0139 0.0110 0.0076 -0.0139 0.0110

7.98 1.03 -0.0057 0.0119 0.0011 -0.0057 0.0119

12.11 1.03 0.0038 0.0141 -0.0046 0.0038 0.0141

-0.02 6.03 -0.0099 -0.1079 0.0025 -0.0098 0.0075

4.00 6.02 0.0002 -0.1080 0.0013 -0.0079 0.0073

8.01 6.00 0.0155 -0.1066 -0.0029 -0.0007 0.0083

11.84 6.02 0.0329 -0.1025 -0.0083 0.0091 0.0109

-0.03 1.06 -0.0102 0.0069 0.0031 -0.0102 0.0069

0.01 1.98 -0.0089 -0.0236 0.0026 -0.0089 0.0073

0.02 3.21 -0.0099 -0.0592 0.0030 -0.0099 0.0071

0.03 4.47 -0.0108 -0.0960 0.0034 -0.0109 0.0063

0.03 5.47 -0.0114 -0.1250 0.0038 -0.0115 0.0059

0.01 1.03 -0.0112 0.0066 0.0040 -0.0112 0.0066

0.02 1.96 -0.0120 -0.0481 0.0034 -0.0120 0.0059

0.02 3.25 -0.0118 -0.1142 0.0044 -0.0119 0.0054

0.03 3.98 -0.0124 -0.1507 0.0051 -0.0124 0.0058

0.00 4.78 -0.0136 -0.1929 0.0055 -0.0136 0.0053

0.01 5.51 -0.0145 -0.2297 0.0058 -0.0145 0.0050

-0.02 1.04 -0.0113 0.0058 0.0043 -0.0113 0.0058

4.03 1.03 -0.0126 0.0064 0.0065 -0.0126 0.0064

8.00 1.03 -0.0082 0.0071 0.0032 -0.0082 0.0071

12.02 1.03 -0.0002 0.0090 -0.0014 -0.0002 0.0090

0.03 4.83 -0.0135 -0.1927 0.0057 -0.0136 0.0056

4.02 4.82 0.0003 -0.1945 0.0050 -0.0137 0.0048

7.99 4.82 0.0219 -0.1937 0.0015 -0.0060 0.0052

11.85 4.83 0.0433 -0.1867 -0.0041 0.0026 0.0075

CMA

0.0059

0.0059

0.0062

0.0060

0.0064

0.0070

0.0067

0.0063

0.0059

0.0019

0.0021

0.0022

0.0024

0.0027

0.0026

0.0056

0.0076

0.0011

-0.0046

0.0025

0.0013

-0.0029

-0.0083

0.0031

0.0026

0.0030

0.0034

0.0038

0.0040

0.0034

0.0044

0.0051

0.0055

0.0058

0.0043

0.0065

0.0032

-0.0014

0.0057

0.0050

0.0015

-0.0041

107



Table29.Concluded

MACH

0.202
0.202

0.198

0.200

0.201

0.202

0.200

0.200

O.2OO

O.2O0
0.199

0.201

0.201

0.199

0.199

0.200

ALPHA

-0.02

0.03

0.03

0.03

0.03

0.03

-0.01

4.03

7.98

12.02

14.51

0.01

4.02

8.00

12.02

14.50

NPR CL CD-F CM CLA CDA CMA

0.99 -0.0143 0.0059 -0.0002 -0.0143 0.0059 -0.0002

1.51 -0.0314 -0.2693 0.0040 -0.0315 0.0047 0.0040

2.06 -0.0341 -0.5386 0.0071 -0.0344 0.0022 0.0071

2.59 -0.0258 -0.7670 0.0120 -0.0263 0.0057 0.0120

3.18 -0.0277 -1.0330 0.0151 -0.0281 0.0073 0.0151

3.97 -0.0349 -1.3770 0.0186 -0.0356 0.0072 0.0186

1.01 -0.0175 0.0050 0.0045 -0.0175 0.0050 0.0045

1.00 -0.0163 0.0029 0.0044 -0.0163 0.0029 0.0044

1.00 -0.0109 0.0018 0.0037 -0.0109 0.0018 0.0037

1.00 0.0051 0.0121 -0.0019 0.0051 0.0121 -0.0019

1.00 0.0051 0.0113 -0.0072 0.0051 0.0113 -0.0072

3.22 -0.0267 -1.0450 0.0164 -0.0269 0.0074 0.0164

3.22 0.0462 -1.0480 0.0159 -0.0277 0.0047 0.0159

3.21 0.1216 -1.0570 0.0109 -0.0279 0.0073 0.0109

3.22 O.2188 -1.0330 0.0050 -0.0035 0.0114 0.0050

3.22 0.2596 -1.0090 0.0023 -0.0053 0.0150 0.0023

108



Table 30. Longitudinal Aerodynamic Characteristics for Standard Nozzle With 0 = 45 °

_v,p,l = 200' _v,p,r ----200, and/3 = 0 °

MACH

1.201

1.196

1 198

1 201

1 199

1 199

1 201

0 898

0 902

0 900

0.901

0.899

0.901

0.900

0.901

0.901

0.899

0.898

0.899

0.901

0.901

0.898

0.800

0.801

0.801

0.798

0.799

0.603

0.601

0.600

0.600

0.601

0.600

0.600

0.601

0.601

0.599

0.600

0.600

0.600

0.603

ALPHA NPR CL CD-F CM CLA CDA CMA

0.00 0.77 -0.0028

0.00 2.02 -0.0014

0.00 3.21 0.0038

0.00 4.03 0.0082

-0.01 5.49 0.0148

-0.01 7.31 0.0216

-0.02 8.01 0.0239

0.01 0.95 -0.0076

0.01 2.02 0.0086

-0.01 3.23 0.0130

-0.01 3.99 0.0227

-0.02 5.00 0.0321

-0.01 6.01 0.0380

-0.01 7.02 0.0455

0.03 0.96 -0.0083

4.01 0.96 -0.0042

8.00 0.95 0.0034

11.54 0.93 0.0155

-0.02 6.02 0.0380

4.01 6.02 0.0498

7.99 6.01 0.0683

11.60 6.00 0.0855

0.02 0.97 -0.0067

0.01 2.01 0.0173

0.00 3.23 0.0211

-0.01 4.48 0.0370

-0.02 5.51 0.0459

0.03 0.97 -0.0015

0.01 2.00 0.0380

-0.02 3.21 0.0440

-0.02 3.99 0.0588

-0.02 4.81 0.0675

-0.02 5.51 0.0764

0.02 0.99 -0.0055

4.01 0.98 -0.0016

8.00 0.99 0.0132

11.60 0.99 0.0281

-0.02 4.80 0.0679

3.99 4.80 0.0834

7.99 4.81 0.1029

10.72 4.82 0.1179

0.0180

0.0037

-0.0085

-0.0176

-0.0347

-0.0557

-0.0638

0.0106

-0.0101

-0.0344

-0.0495

-0.0702

-0.0904

-0.1118

0.0104

0.0110

0.0135

0.0196

-0.0912

-0.0863

-0.0790

-0.0703

0.0102

-0.0151

-0.0468

-0.0784

-0.1052

0.0091

-0.0347

-0.0894

-0.1251

-0.1634

-0.1972

0.0092

0 0102

0 0147

0 0199

-0 1631

-0 1572

-0 1484

-0 1388

-0.0016

-0.0034

-0.0084

-0.0117

-0.0175

-0.0238

-0.0255

0.0018

-0.0133

-0.0170

-0.0250

-0.0317

-0.0372

-0.0427

0.0018

-0.0008

-0.0067

-0.0149

-0.0373

-0.0417

-0.0492

-0.0569

0.0000

-0.0200

-0.0236

-0.0364

-0.0433

-0.0023

-0.0389

-0.0432

-0.0549

-0.0629

-0.0689

-0.0016

-0.0042

-0.0145

-0.0256

-0.0628

-0.0643

-0.0701

-0.0754

-0.0028

-0.0057

-0.0039

-0.0016

0.0012

0.0033

0.0039

-0.0076

0.0011

-0.0008

0.0054

0 0102

0 0115

0 0143

-0 0083

-0 0042

0 0034

0 0155

0 0114

0 0162

0 0278

0.0388

-0.0067

0.0079

0.0036

0.0121

0.0152

-0.0015

0.0216

0.0132

0.O2OO

0.0204

0.0219

-0.0055

-0.0016

0.0132

0.0281

0.0207

0.0242

0.0319

0.0396

0.0180

0.0154

0.0162

0.0165

0.0167

0.0170

0.0167

0.0106

0.0104

0.0096

0.0106

0.0110

0.0115

0.0111

0.0104

0.0110

0.0135

0.0196

0.0112

0.0137

0.0182

0.0245

0.0102

0.0109

0.0089

0.0111

0.0111

0.0091

0.0108

0.0089

0.0102

0.0096

0.0090

0.0092

0.0102

0.0147

0.0199

0.0099

0.0122

0.0168

0.0219

-0.0016

0.0003

-0.0017

-0.0031

-0.0061

-0.0089

-0.0094

0.0018

-0.0069

-0.0051

-0.0099

-0.0131

-0.0153

-0.0174

0.0018

-0.0008

-0.0067

-0.0149

-0.0153

-0.0198

-0.0273

-0.0349

0.0000

-0.0120

-0 0086

-0 0150

-0 0176

-0 0023

-0 0248

-0 0166

-0 0208

-0 0227

-0.0233

-0.0016

-0.0042

-0.0145

-0.0256

-0.0226

-0.0241

-0.0298

-0.0353
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Table30.Concluded

MACH

0.203

0.201

0.202

0.203

0.203

0.203

0.202

0.203

0.203

0.203

0.202

0.200

0.201

0.201

0.200

0.201

ALPHA

0.03

0.00

-0.02

-0.01

-0.02

-0.01

0.01

4.02

8.00

12.02

14.51

0.00

4.02

7.99

12.01

14.51

NPR

0.99

1.53

2.04

2.62

3.20

4. O0

I. O0

1.00

1.00

1.00

i.O0

3.21

3.21

3.21

3.21

3.21

CL

-0.0102

0.0753

0.1452

0.2245

0.2639

0.3375

-0.0132

0.0141

0.0148

0.0393

0.0364

0.2741

0.3334

0.4177

0.4760

0.5281

CD-F

0.0095

-0.2209

-0.3988

-0.6231

-0.8521

-1.1700

0.0093

0.0079

0.0102

0.0225

0.0221

-0.8727

-0.8468

-0.8179

-0.7843

-0.7531

CM

-0.0098

-0.0856

-0.1561

-0.2165

-0.2492

-0.3144

-0.0054

-0.0119

-0.0194

-0.0275

-0.0293

-0.2529

-0.2541

-0.2605

-0.2684

-0.2712

CLA

-0.0102

0.0059

-0.0058

0.0107

-0.0064

-0.0023

-0.0132

0.0141

0.0148

0.0393

0.0364

-0.0023

-0.0032

0.0225

0.0218

0.0421

CDA

0.0095

0.0100

0.0167

0.0167

0.0078

0.0147

0.0093

0.0079

0.0102

0.0225

0.0221

0.0065

0.0087

0.0125

0.0198

0.0258

CMA

-0.0098

-0.0203

-0.0268

-0.0317

-0.0163

-0.0162

-0.0054

-0.0119

-0.0194

-0.0275

-0.0293

-0.0149

-0.0167

-0.0230

-0.0300

-0.0342
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Table 31. Longitudinal Aerodynamic Characteristics for Standard Nozzle With 0 = 45 °,

(_v,p,l -= -200, _v,p,r = 20°, and _ = 0°

MACH

1.201

1.198

1.198

1.199

1.199

1.200

1.199

0.901

0.899

0.901

0.901

0.903

0.902

0.901

0.902

0.899

0.898

0.903

0.899

0.899

0.897

0.901

0.802

0.804

0.803

0.801

0.802

0.601

0.603

0.600

0.601

0.601

0.602

0.600

0.601

0.602

0.602

0.603

0.603

0.602

0.603

ALPHA NPR CL CD-F CM CLA CDA

0.04 0.76 -0.0143 0.0207 0.0081 -0.0143 0.0207

0.04 2.00 -0.0151 0.0060 0.0081 -0.0151 0.0173

0.03 3.19 -0.0137 -0.0066 0.0077 -0.0138 0.0180

0.04 4.02 -0.0136 -0.0156 0.0077 -0.0137 0.0189

0.06 5.49 -0.0119 -0.0320 0.0063 -0.0119 0.0199

0.07 7.29 -0.0123 -0.0544 0.0066 -0.0124 0.0187

0.05 8.02 -0.0124 -0.0636 0.0066 -0.0125 0.0181

0.02 0.95 -0.0120 0.0115 0.0050 -0.0120 0.0115

0.02 1.98 -0.0156 -0.0087 0.0070 -0.0156 0.0110

0.04 3.22 -0.0140 -0.0335 0.0063 -0.0140 0.0107

0.06 3.98 -0.0144 -0.0492 0.0068 -0.0145 0.0111

0.05 4.98 -0.0149 -0.0693 0.0070 -0.0150 0.0116

0.06 6.00 -0.0147 -0.0908 0.0070 -0.0148 0.0115

0.08 7.02 -0.0138 -0.1124 0.0069 -0.0140 0.0114

-0.01 0.96 -0.0119 0.0111 0.0050 -0.0119 O.Olll

4.02 0.96 -0.0098 0.0107 0.0026 -0.0098 0.0107

8.00 0.95 -0.0029 0.0123 -0.0012 -0.0029 0.0123

ll.lO 0.95 0.0044 0.0153 -0.0062 0.0044 0.0153

0.05 6.01 -0.0154 -0.0919 0.0071 -0.0155 0.0114

4.07 6.01 -0.0037 -0.0921 0.0041 -0.0110 O.0110

8.04 6.01 0.0108 -0.0904 -0.0008 -0.0036 0.0121

11.32 6.01 0.0256 -0.0860 -0.0053 0.0054 0.0148

0.03 0.95 -0.0136 0.0110 0.0057 -0.0136 0.0110

0.03 2.00 -0.0152 -0.0136 0.0071 -0.0152 0.0116

0.05 3.23 -0.0146 -0.0457 0.0068 -0.0146 0.0101

0.06 4.48 -0.0141 -0.0781 0.0070 -0.0142 0.0112

0.07 5.49 -0.0147 -0.1046 0.0070 -0.0149 0.0115

0.00 0.98 -0.0159 0.0112 0.0076 -0.0159 0.0112

0.04 1.99 -0.0137 -0.0340 0.0055 -0.0137 0.0105

0.05 3.19 -0.0179 -0.0890 0.0085 -0.0180 0.0093

0.06 3.99 -0.0162 -0.1252 0.0073 -0.0163 0.0109

0.07 4.80 -0.0154 -0.1631 0.0068 -0.0157 0.0109

0.07 5.51 -0.0139 -0.1954 0.0066 -0.0142 0.0113

0.01 0.99 -0.0163 0.0106 0.0081 -0.0163 0.0106

4.02 1.00 -0.0220 0.0100 0.0131 -0.0220 0.0100

8.01 1.00 -0.0137 0.0103 0.0075 -0.0137 0.0103

11.29 1.00 -0.0043 0.0123 0.0000 -0.0043 0.0123

0.07 4.79 -0.0157 -0.1616 0.0072 -0.0159 0.0110

4.06 4.80 -0.0009 -0.1627 0.0048 -0.0131 0.0097

8.04 4.80 0.0184 -0.1609 0.0011 -0.0058 0.0104

11.43 4.80 0.0368 -0.1567 -0.0038 0.0025 0.0127

CMA

0.0081

0.0081

0.0077

0.0077

0.0063

0.0066

0.0066

O.O050

0.0070

0.0063

0.0068

0.0070

0.0070

0.0069

0.0050

0.0026

-0.0012

-0.0062

0.0071

0.0041

-0.0008

-0.0053

0.0057

0.0071

0.0068

0.0070

0.0070

0.0076

0.0055

0.0085

0.0073

0.0068

0.0066

0.0081

0.0131

0.0075

0.0000

0.0072

0.0048

O.OOll

-0.0038
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Table31.Concluded

MACH

0.202

0.202

0.202

0.202

0.202

0.202

0.200

0.201

0.200

0.201

0.201

0.201

0.202

0.201

0.201

0.200

ALPHA NPR CL CD-F CM CLA CDA CMA

0.03 0.99 -0.0218 0.0098 0.0091 -0.0218 0.0098 0.0091

0.03 1.51 -0.0289 -0.2125 0.0067 -0.0291 0.0078 0.0067

0.03 2.01 -0.0341 -0.3941 0.0052 -0.0343 0.0081 0.0052

0.04 2.63 -0.0136 -0.6367 0.0051 -0.0141 0.0173 0.0051

0.06 3.19 -0.0200 -0.8557 0.0096 -0.0209 0.0065 0.0096

0.06 3.99 -0.0283 -1.1890 0.0104 -0.0296 0.0150 0.0104

-0.01 1.00 -0.0212 0.0106 0.0126 -0.0212 0.0106 0.0126

4.02 1.00 -0.0175 0.0072 0.0073 -0.0175 0.0072 0.0073

8.00 1.00 -0.0115 0.0059 0.0019 -0.0115 0.0059 0.0019

12.03 1.00 0.0064 0.0132 -0.0035 0.0064 0.0132 -0.0035

14.51 1.00 0.0033 0.0143 -0.0061 0.0033 0.0143 -0.0061

0.04 3.20 -0.0188 -0.8710 0.0099 -0.0195 0.0052 0.0099

4.05 3.20 0.0470 -0.8693 0.0089 -0.0147 0.0026 0.0089

8.04 3.20 0.1288 -0.8659 0.0028 0.0057 0.0061 0.0028

12.02 3.20 0.1928 -0.8495 -0.0033 0.0096 0.0111 -0.0033

14.55 3.20 0.2513 -0.8401 -0.0098 0.0291 0.0156 -0.0098
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Table32.LongitudinalAerodynamicCharacteristicsfor StandardNozzleWith 0 = 45 °,

_v,p,l = 0°, _v,p,r = 20o, and _ = 0°

MACH

1.199

1.199

1.198

1.201

1.201

1.202

1.200

0.897

0.900

0.903

0.897

0.900

0.900

0.900

0.900

0.901

0.899

0.901

0.901

0.901

0.900

0.900

0.802

0.804

0.799

0.799

0.799

0.602

0.603

0.602

0.602

0.602

0.601

0.601

0.602

0.603

0.602

0.599

0.600

0.599

0.599

ALPHA NPR CL CD-F CM CLA CDA CMA

0.03 0.84 -0.0096 0.0198 0.0044 -0.0096 0.0198

0.03 1.99 -0.0102 0.0045 0.0043 -0.0124 0.0173

0.03 3.22 -0.0073 -0.0091 0.0009 -0.0114 0.0181

0.03 4.02 -0.0057 -0.0188 -0.0010 -0.0110 0.0183

0.04 5.49 -0.0016 -0.0367 -0.0041 -0.0087 0.0186

0.06 7.30 0.0026 -0.0595 -0.0069 -0.0056 0.0180

0.06 7.99 0.0042 -0.0687 -0.0080 -0.0045 0.0178

0.02 0.99 -0.0151 0.0121 0.0082 -0.0151 0.0121

0.01 1.97 -0.0017 -0.0119 -0.0039 -0.0054 0.0103

0.02 3.22 0.0011 -0.0381 -0.0065 -0.0062 0.0097

0.02 3.98 0.0063 -0.0555 -0.0101 -0.0032 0.0100

0.03 5.00 0.0108 -0.0774 -0.0135 -0.0012 0.0101

0.05 5.99 0.0141 -0.0992 -0.0163 0.0009 0.0103

0.04 7.00 0.0187 -0.1211 -0.0190 0.0044 0.0107

0.03 1.00 -0.0149 0.0116 0.0083 -0.0149 0.0116

4.04 1.00 -0.0140 0.0112 0.0077 -0.0140 0.0112

8.02 1.00 -0.0085 0.0121 0.0036 -0.0085 0.0121

11.16 0.99 0.0011 0.0153 -0.0023 0.0011 0.0153

0.05 5.99 0.0137 -0.0990 -0.0161 0.0006 0.0101

4.05 6.00 0.0236 -0.0977 -0.0182 0.0029 0.0103

8.03 5.99 0.0405 -0.0938 -0.0235 0.0123 0.0127

11.08 5.99 0.0532 -0.0894 -0.0274 0.0193 0.0156

0.02 1.00 -0.0132 0.0096 0.0057 -0.0132 0.0096

0.04 1.99 0.0010 -0.0193 -0.0059 -0.0037 0.0090

0.03 3.23 0.0038 -0.0530 -0.0079 -0.0054 0.0080

0.06 4.50 0.0100 -0.0880 -0.0137 -0.0038 0.0093

0.04 5.49 0.0154 -0.1155 -0.0175 -0.0005 0.0093

0.01 1.00 -0.0105 0.0095 0.0040 -0.0105 0.0095

0.04 1.98 0.0114 -0.0408 -0.0150 0.0031 0.0091

0.04 3.20 0.0143 -0.0991 -0.0167 -0.0019 0.0074

0.05 4.00 0.0186 -0.1375 -0.0219 -0.0026 0.0093

0.06 4.81 0.0238 -0.1773 -0.0264 -0.0026 0.0086

0.05 5.49 0.0293 -0.2111 -0.0298 0.0011 0.0093

0.01 1.02 -0.0108 0.0083 0.0041 -0.0108 0.0083

4.03 1.01 -0.0114 0.0078 0.0040 -0.0114 0.0078

8.00 1.01 -0.0031 0.0094 -0.0017 -0.0031 0.0094

10.98 1.01 0.0095 0.0127 -0.0093 0.0095 0.0127

0.05 4.79 0.0250 -0.1788 -0.0269 -0.0016 0.0083

4.05 4.80 0.0398 -0.1764 -0.0277 0.0002 0.0083

8.03 4.80 0.0600 -0.1714 -0.0315 0.0077 0.0103

10.16 4.80 0.0711 -0.1678 -0.0346 0.0119 0.0120

0.0044

0.0062

0.0044

0.0034

0.0017

0.0008

0.0005

0.0082

-0.0006

-0.0004

-0.0024

-0.0040

-0.0050

-0.0058

0.0083

0.0077

0.0036

-0.0023

-0.0048

-0.0069

-0.0122

-0.0160

0.0057

-0.0016

-0.0001

-0.0027

-0.0043

0.OO4O

-0.0074

-0.0030

-0.0047

-0.0060

-0.0065

0.0041

0.0040

-0.0017

-0.0093

-0.0064

-0.0072

-0.0110

-0.0141
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Table32.Concluded

MACH

0.203

0.202

0.203

0.203

0.203

0.201

0.200

0.201

0.201

0.201

0.201

0.202

0.202

0.202

0.202

0.202

ALPHA NPR CL CD-F CM CLA CDA CMA

0.03

0.04

0.05

0.04

0.05

0.05

0.02

4.03

8.00

12.03

14.54

0.04

4.05

8.02

12.04

14.53

0.99

1.51

2.03

2.60

3.18

4.00

1.O0

1.00

I.O0

1.00

I. O0

3.20

3.20

3.20

3.20

3.20

-0.0122

0.0232

0.0705

0.1007

0.1254

0.1699

-0.0130

-0.0139

0.0105

0.0097

0.0094

0.1264

0.1957

0.2827

0.3446

0.3927

0.0123 -0.0014

-0.2350 -0.0449

-0.4448 -0.0798

-0.6726 -0.1128

-0.9242 -0.1240

-1.2890 -0.1588

0.0125 0.0007

0.0082 -0.0008

0.0075 -0.0061

0.0152 -0.0102

0.0133 -0.0134

-0.9446 -0.1242

-0.9310 -0.1239

-0.9129 -0.1286

-0.8860 -0.1346

-0.8680 -0.1356

-0.0122

-0.0196

-0.0063

-0.0094

-0.0165

-0.0191

-0.0130

-0.0139

0.0105

0.0097

0.0094

-0.0182

-0.0160

0.0082

0.0070

0.0163

0.0123

0.0160

0.0164

0.0210

0.0058

0.0202

0.0125

0.0082

0.0075

0.0152

0.0133

0.0054

0.0072

0.0059

0.0095

0.0124

-0.0014

-0.0053

-0.0103

-0.0153

-0.0040

-0.0049

0.0007

-0.0008

-0.0061

-0.0102

-0.0134

-0.0019

-0.0016

-0.0065

-0.0128

-0.0137
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Table33.LongitudinalAerodynamicCharacteristicsforLong-FlapNozzleWith 0 = 0°,

_v,p,l = 0°, _v,p,r = 0°, and fl = 0°

MACH

1.201

1.199

1.200

1.199

1.201

1.202

1.200

0.899

0.900

0.901

0.899

0.899

0.902

0.900

0.900

0.902

0.900

0.901

0.901

0.900

0.900

0.899

0.798

0.799

0.801

0.800

0.800

0.800

0.599

0.601

0.598

0.599

0.600

0.601

0.600

0.601

0.598

0.600

0.600

0.601

0.600

0.601

ALPHA NPR CL CD-F CM CLA CDA

-0.02 0.89 -0.0040 0.0191 0.0009 -0.0040 0.0191

-0.01 2.00 -0.0046 0.0031 0.0009 -0.0045 0.0174

-0.02 3.22 -0.0049 -0.0118 0.0010 -0.0049 0.0180

-0.02 4.00 -0.0052 -0.0216 0.0010 -0.0052 0.0180

-0.02 5.52 -0.0053 -0.0419 0.0012 -0.0053 0.0167

-0.01 7.34 -0.0047 -0.0661 0.0015 -0.0047 0.0154

-0.01 8.02 -0.0048 -0.0757 0.0015 -0.0048 0.0145

-0.01 1.07 -0.0047 0.0074 0.0004 -0.0047 0.0074

-0.01 2.03 -0.0052 -0.0193 0.0002 -0.0052 0.0068

0.00 3.21 -0.0050 -0.0458 0.0007 -0.0050 0.0066

0.00 4.01 -0.0049 -0.0643 0.0009 -0.0049 0.0064

0.01 5.03 -0.0054 -0.0876 0.0012 -0.0054 0.0060

0.00 5.99 -0.0059 -0.1085 0.0012 -0.0059 0.0059

0.01 7.00 -0.0058 -0.1324 0.0014 -0.0058 0.0050

-0.02 1.07 -0.0050 0.0073 0.0007 -0.0050 0.0073

4.00 1.08 -0.0028 0.0079 -0.0002 -0.0028 0.0079

8.00 1.08 0.0042 0.0094 -0.0030 0.0042 0.0094

11.98 1.07 0.0117 0.0127 -0.0064 0.0117 0.0127

0.00 6.05 -0.0061 -0.1103 0.0012 -0.0061 0.0055

4.01 5.99 0.0066 -0.1086 -0.0010 -0.0015 0.0061

8.01 6.02 0.0225 -0.1072 -0.0048 0.0064 0.0073

12.00 6.02 0.0389 -0.1023 -0.0086 0.0148 0.0110

0.02 1.04 -0.0056 0.0059 0.0007 -0.0056 0.0059

0.00 2.02 -0.0068 -0.0264 0.0005 -0.0068 0.0063

0.00 3.20 -0.0067 -0.0604 0.0008 -0.0067 0.0058

0.00 4.51 -0.0063 -0.0979 0.0014 -0.0063 0.0055

0.02 5.52 -0.0070 -0.1274 0.0014 -0.0070 0.0047

0.01 6.50 -0.0073 -0.1560 0.0018 -0.0073 0.0041

-0.01 1.02 -0.0078 0.0050 0.0008 -0.0078 0.0050

0.00 1.99 -0.0098 -0.0506 0.0013 -0.0098 0.0059

0.01 3.21 -0.0087 -0.1144 0.0024 -0.0087 0.0049

0.00 4.01 -0.0098 -0.1537 0.0028 -0.0098 0.0054

0.02 4.82 -0.0100 -0.1949 0.0028 -0.0100 0.0046

0.02 5.50 -0.0099 -0.2284 0.0035 -0.0100 0.0043

-0.01 1.03 -0.0084 0.0053 0.0014 -0.0084 0.0053

4.01 1.03 -0.0044 0.0052 0.0000 -0.0044 0.0052

8.00 1.03 0.0011 0.0064 -0.0035 0.0011 0.0064

11.99 1.02 0.0105 0.0098 -0.0077 0.0105 0.0098

0.01 4.80 -0.0102 -0.1936 0.0029 -0.0103 0.0047

4.01 4.81 0.0087 -0.1936 0.0002 -0.0051 0.0044

8.00 4.80 0.0299 -0.1903 -0.0040 0.0023 0.0060

12.04 4.79 0.0553 -0.1838 -0.0090 0.0140 0.0096

CMA

0.0009

0.0009

0.0010

0.0010

0.0012

0.0015

0.0015

0.0004

0.0002

0.0007

0.0009

0.0012

0.0012

0.0014

0.0007

-0.0002

-0.0030

-0.0064

0.0012

-0.0010

-0.0048

-0.0086

0.0007

0.0005

0.0008

0.0014

0.0014

0.0018

0.0008

0.0013

0.0024

0.0028

0.0028

0.0035

0.0014

0.0000

-O.0O35

-0.0077

0.0029

0.0002

-O.OO40

-0.0090
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Table33.Concluded

MACH

0.202

0.202

0.203

0.202

0.201

0.202

0.202

0.202

0.200

0.201

0.201

0.201

0.201

0.203

0.202

0.202

0.203

0.203

ALPHA

0.01

0.01

0.02

0.01

0.02

0.01

0.02

0.01

0.00

4.01

8.00

12.01

14.50
0.00

4.01

8.02

12.02

14.52

NPR CL CD-F CM CLA CDA CMA

0.99 -0.0051 -0.0015 0.0057 -0.0051 -0.0015 0.0057

1.00 -0.0089 -0.0009 0.0063 -0.0089 -0.0009 0.0063

1.53 -0.0167 -0.2866 0.0071 -0.0168 0.0071 0.0071

2.02 -0.0236 -0.5112 0.0117 -0.0237 0.0037 0.0117

2.63 -0.0289 -0.7769 0.0138 -0.0292 0.0095 0.0138

3.19 -0.0083 -1.0260 0.0159 -0.0086 0.0114 0.0159

4.01 -0.0185 -1.3970 0.0199 -0.0189 0.0064 0.0199

5.02 -0.0141 -1.8360 0.0237 -0.0145 0.0062 0.0237

1.00 -0.0278 0.0010 -0.0008 -0.0278 0.0010 -0.0008

1.00 -0.0269 0.0024 -0.0002 -0.0269 0.0024 -0.0002

1.00 0.0001 0.0008 -0.0048 0.0001 0.0008 -0.0048

1.00 -0.0021 -0.0013 -0.0088 -0.0021 -0.0013 -0.0088

1.00 -0.0026 0.0032 -0.0083 -0.0026 0.0032 -0.0083

3.21 -0.0350 -1.0250 0.0115 -0.0349 0.0078 0.0115

3.20 0.0385 -1.0300 0.0101 -0.0340 0.0054 0.0101

3.20 0.1344 -1.0220 0.0077 -0.0105 0.0071 0.0077

3.20 0.2064 -1.0060 0.0011 -0.0090 0.0054 0.0011

3.20 0.2635 -0.9865 0.0010 0.0048 0.0120 0.0010
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Table34.LongitudinalAerodynamicCharacteristicsfor Long-FlapNozzleWith _ = 0°,
_v,p,l: 20°, _v,p,r -- 20°_ and _ = 0 °

MACH

1.201

1.185

1.199

1.197

1.202

1.201

1.203

0.898

0.900

0.899

0.903

0.901

0.896

0.901

0.901

0.901

0.897

0.904

0.901

0.900

0.899

0.905

0.797

0.800

0.802

0.800

0.801

0.601

0.599

0.601

0.599

0.599

0.598

0.597

0.601

0.600

0.600

0.599

0.598

0.598

0.603

ALPHA NPR CL CD-F CM CLA CDA CMA

-0.03 0.72 0.0390 0.0320 -0.0418 0.0390 0.0320

-0.02 2.00 0.0431 0.0165 -0.0439 0.0386 0.0286

-0.03 3.23 0.0521 0.0047 -0.0527 0.0416 0.0294

-0.03 3.96 0.0564 -0.0027 -0.0560 0.0420 0.0301

-0.05 5.52 0.0632 -0.0202 -0.0624 0.0430 0.0278

-0.05 7.32 0.0723 -0.0408 -0.0701 0.0451 0.0229

-0.06 8.04 0.0748 -0.0487 -0.0727 0.0450 0.0211

-0.02 0.95 0.0254 0.0164 -0.0260 0.0254 0.0164

-0.03 2.05 0.0341 -0.0078 -0.0339 0.0259 0.0141

-0.03 3.20 0.0597 -0.0251 -0.0564 0.0413 0.0183

-0.03 3.99 0.0698 -0.0386 -0.0663 0.0442 0.0199

-0.04 5.01 0.0830 -0.0570 -0.0776 0.0504 0.0203

-0.05 6.01 0.0948 -0.0770 -0.0878 0.0551 0.0169

-0.05 6.99 0.1046 -0.0945 -0.0951 0.0586 0.0136

0.00 0.96 0.0255 0.0166 -0.0262 0.0255 0.0166

4.00 0.93 0.0354 0.0227 -0.0349 0.0354 0.0227

8.00 0.90 0.0458 0.0302 -0.0425 0.0458 0.0302

11.97 0.87 0.0599 0.0421 -0.0545 0.0599 0.0421

-0.05 6.00 0.0943 -0.0758 -0.0869 0.0549 0.0170

3.95 6.04 0.I105 -0.0675 -0.0943 0.0644 0.0232

7.97 6.01 0.1259 -0.0543 -0.I017 0.0737 0.0326

9.97 6.05 0.1344 -0.0470 -0.1062 0.0796 0.0374

-0.01 0.97 0.0359 0.0163 -0.0346 0.0359 0.0163

-0.02 2.01 0.0472 -0.0129 -0.0439 0.0372 0.0139

-0.03 3.24 0.0720 -0.0381 -0.0661 0.0484 0.0173

-0.04 4.53 0.0909 -0.0686 -0.0836 0.0538 0.0191

-0.02 5.51 0.1034 -0.0915 -0.0941 0.0578 0.0162

-0.03 1.00 0.0370 0.0134 -0.0348 0.0370 0.0134

-0.03 1.98 0.0613 -0.0346 -0.0561 0.0439 0.0121

-0.03 3.20 0.0957 -0.0824 -0.0851 0.0545 0.0147

-0.04 4.01 0.1172 -0.1157 -0.1034 0.0588 0.0176

-0.05 4.78 0.1327 -0.1486 -0.1177 0.0626 0.0183

-0.06 5.52 0.1474 -0.1813 -0.1303 0.0656 0.0127

-0.01 0.99 0.0394 0.0137 -0.0363 0.0394 0.0137

4.01 0.98 0.0447 0.0194 -0.0401 0.0447 0.0194

7.99 0.97 0.0519 0.0266 -0.0450 0.0519 0.0266

10.02 0.96 0.0559 0.0308 -0.0492 0.0559 0.0308

-0.05 4.80 0.1330 -0.1495 -0.1184 0.0626 0.0183

3.96 4.80 0.1526 -0.1364 -0.1255 0.0705 0.0262

7.98 4.80 0.1744 -0.1208 -0.1337 0.0810 0.0360

9.99 4.82 0.1859 -0.1096 -0.1382 0.0882 0.0418

-0.0418

-0.0397

-0.0430

-0.0435

-0.0449

-0.0468

-0.0473

-0.0260

-0.0263

-0.0394

-0.0439

-0.0492

-0.0534

-0.0557

-0.0262

-0.0349

-0.0425

-0.0545

-0.0529

-0.0600

-0.0676

-0.0723

-0.0346

-0.0346

-0.0445

-0.0509

-0.0547

-0.0348

-0.0398

-0.0472

-0.0524

-0.0563

-0.0591

-0.0363

-0.0401

-0.0450

-0.0492

-0.0567

-0.0637

-0.0717

-0.0770
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Table34.Concluded

MACH

0.203

0.200

0.200

0.201

0.200

0.201

0.200

0.200

0.200

0.200

0.200

0.201

0.201

0.201

0.201

0.201

ALPHA

0.01

-0.02

-0.03

-0.05

-0.03

-0.04

0.01

4.01

7.98

12.01

14.50

0.01

4.01

8.00

12.01

14.48

NPR CL CD-F CM CLA CDA CMA

0.99

1.51

2.00

2.60

3.21

4.01

I.O0

1.00

I. O0

1.00

1.00

3.20

3.20

3.21

3.22

3.23

0.0325

0.1264

0.2022

0.2692

0.4375

0.5786

0.0239

0.0354

0.0349

0.0587

0.0562

0.4407

0.4982

0.5860

0.6402

0.6960

0.0109 -0.0319

-0.2265 -0.1255

-0.4132 -0.1894

-0.6464 -0.2577

-0.8631 -0.3955

-1.1650 -0.5194

0.0102 -0.0317

0.0164 -0.0335

0.0229 -0.0396

0.0305 -0.0481

0.0378 -0.0531

-0.8560 -0.3902

-0.8245 -0.3992

-0.7802 -0.4107

-0.7405 -0.4236

-0.7046 -0.4322

0.0325

0.0353

0.0440

0.0265

0.0655

0.0572

0.0239

0.0354

0.0349

0.0587

0.0562

0.0708

0.0692

0.0967

0.0918

0.1142

0.0109

0.0214

0.0115

0.0150

0.0134

0.0255

0.0102

0.0164

0.0229

0.0305

0.0378

0.0143

0.0165

0.0331

0.0408

0.0523

-0.0319

-0.0346

-0.0420

-0.0414

-0.0536

-0.0638

-0.0317

-0.0335

-0.0396

-0.0481

-0.0531

-0.0506

-0.0602

-0.0699

-0.0808

-0.0894
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Table35.LongitudinalAerodynamicCharacteristicsfor Long-FlapNozzleWith 0 = 30 °,
0o 0 °_v,p,l : , _v,p,r : 0°, and _ =

MACH ALPHA NPR CL CD-F CM CLA CDA

1.200 0.04 0.89 -0.0090 0.0186 0.0047 -0.0090 0.0186

1.199 0.05 1.99 -0.0099 0.0026 0.0050 -0.0099 0.0167

1.201 0.05 3.19 -0.0089 -0.0120 0.0046 -0.0090 0.0172

1.200 0.05 3.99 -0.0086 -0.0222 0.0045 -0.0086 0.0172

1.199 0.05 5.47 -0.0088 -0.0424 0.0044 -0.0088 0.0158

1.200 0.05 7.30 -0.0094 -0.0672 0.0042 -0.0095 0.0139

1.201 0.06 8.01 -0.0094 -0.0765 0.0041 -0.0095 0.0134

0.900 0.03 1.08 -0.0080 0.0069 0.0022 -0.0080 0.0069

0.902 0.04 1.97 -0.0090 -0.0178 0.0026 -0.0091 0.0069

0.898 0.04 3.18 -0.0098 -0.0459 0.0029 -0.0099 0.0062

0.899 0.04 4.02 -0.0086 -0.0649 0.0028 -0.0087 0.0059

0.900 0.05 4.99 -0.0087 -0.0873 0.0027 -0.0087 0.0051

0.900 0.05 6.01 -0.0090 -0.iii0 0.0028 -0.0091 0.0045

0.899 0.05 7.00 -0.0097 -0.1339 0.0028 -0.0098 0.0041

0.899 0.02 1.09 -0.0079 0.0066 0.0023 -0.0079 0.0066

0.901 4.05 1.09 -0.0057 0.0070 0.0006 -0.0057 0.0070

0.899 8.02 1.08 0.0019 0.0084 -0.0037 0.0019 0.0084

0.897 11.03 1.08 0.0117 0.0104 -0.0093 0.0117 0.0104

0.899 0.04 5.99 -0.0092 -0.1108 0.0027 -0.0093 0.0044

0.900 4.05 6.00 0.0016 -0.iii0 0.0004 -0.0065 0.0039

0.897 8.02 5.99 0.0182 -0.1095 -0.0049 0.0021 0.0051

0.898 11.42 5.99 0.0374 -0.1048 -0.0120 0.0145 0.0084

0.799 0.04 1.05 -0.0068 0.0064 0.0016 -0.0068 0.0064

0.801 0.05 1.97 -0.0076 -0.0253 0.0018 -0.0076 0.0059

0.800 0.05 3.21 -0.0084 -0.0605 0.0022 -0.0084 0.0058

0.799 0.05 4.50 -0.0093 -0.0985 0.0023 -0.0094 0.0049

0.801 0.05 5.49 -0.0101 -0.1268 0.0025 -0.0102 0.0041

0.597 0.04 1.04 -0.0090 0.0035 0.0029 -0.0090 0.0035

0.599 0.05 1.99 -0.0075 -0.0508 0.0024 -0.0075 0.0059

0.600 0.05 3.19 -0.0091 -0.1120 0.0029 -0.0092 0.0049

0.600 0.05 4.00 -0.0099 -0.1541 0.0029 -0.0101 0.0044

0.600 0.04 4.81 -0.0110 -0.1944 0.0034 -0.0112 0.0043

0.599 0.04 5.50 -0.0102 -0.2304 0.0034 -0.0103 0.0042

0.599 0.02 1.03 -0.0051 0.0065 0.0019 -0.0051 0.0065

0.600 4.03 1.03 -0.0051 0.0065 0.0007 -0.0051 0.0065

0.598 8.01 1.03 0.0014 0.0067 -0.0029 0.0014 0.0067

0.601 11.08 1.03 0.0117 0.0088 -0.0083 0.0117 0.0088

0.598 0.04 4.80 -0.0108 -0.1953 0.0033 -0.0110 0.0044

0.600 4.05 4.80 0.0072 -0.1943 0.0006 -0.0068 0.0040

0.599 8.02 4.80 0.0298 -0.1925 -0.0045 0.0020 0.0049

0.599 I1.08 4.80 0.0493 -0.1886 -O.Oll0 0.0109 0.0072

CMA

0.0047

0.0050

0.0046

0.0045

0.0044

0.0042

0.0041

0.0022

0.0026

0.0029

0.0028

0.0027

0.0028

0.0028

0.0023

0.0006

-0.0037

-0.0093

0.0027

0.0004

-0.0049

-0.0120

0.0016

0.0018

0.0022

0.0023

0.0025

0.0029

0.0024

0.0029

0.0029

0.0034

0.0034

0.0019

0.0007

-0.0029

-0.0083

0.0033

0.0006

-0.0045

-0.0110
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Table35.Concluded

MACH

0.200

0.201

0.202

0.203

0.203

0.201

0.200

0.200

0.201

0.201

0.201

0.202

0.203

0.202
0.202

0.203

ALPHA NPR CL CD-F CM CLA CDA CMA

0.01

0.03

0.03

0.04

0.05

0.05

0.02

4.04

8.01

12.05

14.53

0.04

4.05

8.02

12.05

14.53

1.00 -0.0071 0.0054 -0.0016 -0.0071 0.0054 -0.0016

1.51 -0.0185 -0.2785 -0.0004 -0.0187 0.0070 -0.0004

2.01 -0.0252 -0.4975 0.0040 -0.0255 0.0115 0.0040

2.62 -0.0326 -0.7673 0.0074 -0.0332 0.0091 0.0074

3.18 -0.0390 -1.0120 0.0090 -0.0398 0.0076 0.0090

3.98 -0.0475 -1.3890 0.0130 -0.0487 0.0044 0.0130

1.01 -0.0226 0.0083 0.0010 -0.0226 0.0083 0.0010

1.01 -0.0030 0.0051 -0.0001 -0.0030 0.0051 -0.0001

1.00 -0.0021 0.0061 -0.0071 -0.0021 0.0061 -0.0071

1.00 -0.0028 0.0043 -0.0120 -0.0020 0.0043 -0.0120

1.00 0.0193 0.0142 -0.0165 0.0193 0.0142 -0.0165

3.22 -0.0404 -1.0390 0.0118 -0.0413 0.0079 0.0118

3.22 0.0356 -1.0320 0.0087 -0.0378 0.0040 0.0087

3.22 0.1321 -1.0290 0.0029 -0.0134 0.0033 0.0029

3.21 0.2047 -1.0090 -0.0062 -0.0125 0.0084 -0.0062

3.21 0.2682 -0.9902 -0.0100 0.0084 0.0121 -0.0100
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Table36.LongitudinalAerodynamicCharacteristicsfor Long-FlapNozzleWith 8 = 30 °,

_v,p,l -- 200, _v,p,r = 20°, and _ = 0°

MACH

1.200

1.201

1.200

1.199

1.199

1.199

1.199

0.900

0.901

0.900

0.901

0.900

0.900

0.899

0.902

0.901
0.897

0.900

0.897

0.900

0.901

0.900

0.800

0.800
0.799

0.800

0.800

0.599

0.600

0.600

0.600

0.600

0.597

0.600

0.605

0.600

0.596

0.601

0.600

0.600

0.598

ALPHA NPR CL CD-F CM CLA CDA CMA

0.01 0.76 0.0355 0.0298 -0.0358 0.0355 0.0298

-0.03 2.06 0.0385 0.0134 -0.0368 0.0347 0.0262

0.00 3.21 0.0487 0.0035 -0.0464 0.0393 0.0283

-0.02 3.99 0.0521 -0.0044 -0.0497 0.0401 0.0289

-0.04 5.52 0.0603 -0.0210 -0.0561 0.0430 0.0286

-0.05 7.33 0.0676 -0.0424 -0.0632 0.0440 0.0265

-0.05 8.02 0.0715 -0.0502 -0.0656 0.0455 0.0261

0.01 0.95 0.0253 0.0155 -0.0255 0.0253 0.0155

-0.02 2.03 0.0333 -0.0083 -0.0319 0.0268 0.0139

-0.01 3.22 0.0593 -0.0270 -0.0538 0.0426 0.0173

-0.02 3.98 0.0698 -0.0406 -0.0618 0.0484 0.0182

-0.02 5.03 0.0793 -0.0602 -0.0707 0.0515 0.0186

-0.03 6.00 0.0876 -0.0788 -0.0772 0.0539 0.0183

-0.05 7.01 0.0947 -0.0987 -0.0833 0.0548 0.0177

0.02 0.96 0.0251 0.0147 -0.0250 0.0251 0.0147

4.03 0.95 0.0357 0.0208 -0.0342 0.0357 0.0208

8.02 0.94 0.0490 0.0292 -0.0441 0.0490 0.0292

11.69 0.92 0.0632 0.0393 -0.0541 0.0632 0.0393

-0.04 5.98 0.0879 -0.0794 -0.0771 0.0540 0.0182

3.96 6.03 0.0995 -0.0706 -0.0843 0.0589 0.0243

7.95 6.03 0.1193 -0.0585 -0.0939 0.0723 0.0333

11.72 6.03 0.1401 -0.0426 -0.1060 0.0869 0.0461

0.02 0.99 0.0353 0.0148 -0.0331 0.0353 0.0148

0.00 1.99 0.0464 -0.0133 -0.0422 0.0384 0.0140

-0.02 3.26 0.0683 -0.0406 -0.0624 0.0464 0.0166

0.00 4.53 0.0839 -0.0714 -0.0752 0.0526 0.0162

-0.05 5.51 0.0933 -0.0948 -0.0826 0.0544 0.0165

0.01 0.99 0.0348 0.0128 -0.0323 0.0348 0.0128

-0.01 1.99 0.0586 -0.0357 -0.0514 0.0444 0.0129

-0.02 3.23 0.0874 -0.0853 -0.0780 0.0493 0.0150

-0.03 4.04 0.1031 -0.1200 -0.0910 0.0543 0.0148

-0.04 4.78 0.1164 -0.1514 -0.1008 0.0572 0.0153

-0.03 5.53 0.1263 -0.1862 -0.II00 0.0563 0.0139

0.02 1.00 0.0364 0.0127 -0.0329 0.0364 0.0127

4.03 0.99 0.0396 0.0175 -0.0360 0.0396 0.0175

8.02 0.98 0.0471 0.0244 -0.0413 0.0471 0.0244

12.02 0.97 0.0589 0.0348 -0.0504 0.0589 0.0348

-0.02 4.80 0.1164 -0.1519 -0.1012 0.0572 0.0148

3.99 4.81 0.1318 -0.1415 -0.1056 0.0608 0.0213

8.00 4.80 0.1511 -0.1266 -0.1138 0.0688 0.0311

12.05 4.76 0.1744 -0.1077 -0.1249 0.0817 0.0429

-0.0358

-0.0329

-0.0378

-0.0389

-0.0410

-0.0428

-0.0432

-0.0255

-0.0252

-0.0384

-0.0427

-0.0462

-0.0478

-0.0487

-0.0250

-0.0342

-0.0441

-0.0541

-0.0476

-0.0548

-0.0644

-0.0765

-0.0331

-0.0340

-0.0424

-0.0474

-0.0485

-0.0323

-0.0369

-0.0430

-0.0473

-0.0485

-0.0487

-0.0329

-0.0360

-0.0413

-0.0504

-0.0489

-0.0531

-0.0613

-0.0726
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Table36.Concluded

MACH ALPHA NPR CL CD-F CM CLA CDA CMA

0.201 0.02 1.00 0.0103

0.201 0.00 1.50 0.1020

0.201 -0.01 2.03 0.1698

0.202 -0.01 2.61 0.2393

0.202 -0.01 3.24 0.3777

0.201 -0.03 3.99 0.4886

0.200 0.04 1.00 0.0372

0.202 4.04 1.00 0.0364

0.201 7.99 1.00 0.0396

0.202 12.02 1.00 0.0576

0.202 14.48 1.00 0.0569

0.203 -0.02 3.20 0.3746

0.203 4.02 3.19 0.4359

0.200 8.02 3.20 0.5202

0.200 12.01 3.22 0.5772

0.200 14.50 3.22 0.6351

0.0121 -0.0362

-0.2261 -0.1144

-0.4243 -0.1748

-0.6449 -0.2277

-0.8707 -0.3478

-1.1570 -0.4319

0.0104 -0.0330

0.0130 -0.0375

0.0223 -0.0446

0.0358 -0.0515

0.0388 -0.0612

-0.8457 -0.3369

-0.8063 -0.3389

-0.7909 -0.3577

-0.7593 -0.3710

-0.7231 -0.3819

0.0103

0.0406

0.0386

0.0298

0.0394

0.0612

0.0372

0.0364

0.0396

0.0576

0.0569

0.0468

0.0513

0.0642

0.0563

0.0786

0.0121

0.0149

0.0226

0.0099

0.0188

0.0216

0.0104

0.0130

0.0223

0.0358

0.0388

0.0221

0.0310

0.0419

0.0495

0.0635

-0.0362

-0.0424

-0.0404

-0.0374

-0.0372

-0.0482

-0.0330

-0.0375

-0.0446

-0.0515

-0.0612

-0.0361

-0.0409

-0.0501

-0.0580

-0.0683
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Table37.Skin-FrictionCoefficientsPlusWave-DragCoefficients

M

Coefficient for--

0 ° cant 30 ° cant 45 ° cant

0.60 0.0020

.80 .0020

.90 .0019

1.20 .0187

Standard flaps
0.0020

.0019

.0019

.0165

0.0020

.0019

.0019

.0185

Long flaps

0.60

.80

.90

1.20

0.0022

.0021

.0020

.0141

0.0021

.0021

.0020

.0150
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"_ 72.00
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4r ,_ _-

45o / _"\

,\ (Tunnel station 1340 ft)

30 percent chord ..............
J J _ "_ 20.00 local streamwise section

'_ ////_ ._/ 5-percent thickness ratio

/ /_ _ /_-- 70 percent chord

i
FS 40.78 _- Moment reference center F

FS 39,00
i

FS 61.62

9.0C

FS 48.20

22.00

Figure 1. Drawing of model. All linear dimensions in inches.



(a) 0=0 °.

(b) 0 = 30 °.

(c) 0 =45 °.

Figure 2. Nozzle integrations with 6v,p = 0°.
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L-91-04
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L-83-1,015

L-83-1,014

(a) 0 = 0°

Figure 3. Various model configurations.
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L-86-854

(b) 0 = 30°.

Figure 3. Continued.
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L-86-239
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L-86-614

(d) 8 = 45°.

Figure 3. Continued.

L-86-613
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(e)0 = 45°.

Figure 3. Concluded.
L-91-07
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I

4.50

I

FS 48.20

Model centerline

Cant angle 0 ° _ _Cant angle 45_ _k_.ant angle 30°

J
J

J

i/

Inner fairing

i7,82
_{'_- 2.80 _

._z45°_ _o_

-',,u,d
f/

/

Figure 4. Sketch of various nozzle integrations. All linear dimensions in inches.



Standard flaps Long flaps

FS 57.82 FS 57.82

3.33----_ _ .

_i_3_-_,-,:2" - -M--- ._2

i

x

,)

o"

' _ _0 a

Figure 5. Nozzle geometry. Nozzle width 3.50 in. All linear dimensions in inches.

132



(a) 6v,p = 0°, 0 = 30 °.

(b) 6v,p = 20", 0 = 30 °.

(c) 6v,p = 30°, 0 = 30°.

(d) 6v,p = +20 °, 0 = 0°. L-91-05

Figure 6. Nozzle with various pitch-vector angles.
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(a) _,p = 0°.

(b) 6v,p = 0°.

Figure 7.

(c) 5v,p = 20 °.

Nozzle with long divergent flaps, 0 = 30 °.

L-91-06
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/ / //- -2/

/ ...../ / FS 39.00
// / //

/ 6 air .... / // .... I • Tailpipe support plate

// suppty tubes q _.zZ _ =_/_ I allDpe-- _ I \ FS 61.72

N°nmetric_ _l'va_veT_=__._,, W/ /--Metric FS57.82 FS61.16
Supply pipe Balance centerline --_ L_ Force balance

Supply pipe -_

FS 0 Flow_controlva[ve.. _'_
Hiah.pressure _._._..s:: ..... __

[ ch&mber ...... _ _-F-_
,:_ _ _r:_._ '_ -

r_L,_ ,.t_,_ t--Instrumentation section

See figure 9 for deta,ls ---_i FS41.95 ipipe x,FS 4_tion section

_ '_ _ __ [/ /I .]__[ ..... 12.80 . , ,
'_ I Mooe_

_ _ -- _ --_-_ ......... _ centerline
..... ___ I [-----_1_1-_ _ 2.80

' ! ' ii center ne

__F_orce balance _aljolnt

L Plastic seal strip

Figure 8. Twin-jet propulsion simulation system with nozzles at 0° cant. All linear dimensions in inches.



Supply

8 equally
sonic nozzles

Airflow

_learance holes for sonic nozzles

Flexible

(metal bellows)

/

I
I

Metric Inner sleeve-

FS 41.95

vented to /internal pressure

Airflow

/
/

z__ Tailpipe

Figure 9. Details of bellows arrangement used to transfer air from nonmetric to metric portions of model.
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(c) 0 = 45°.

Figure 10. Concluded.
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Figure 11. Resultant thrust ratios. Standard flaps; M = 0; NPR = 3.2.



40,

8 = 30 °

6 = 6 cos 8
p v,p
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Figure 12. Resultant pitch-vector angles. M = O; NPR = 3.2.
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Figure 13. Effect of differential pitch vectoring on nozzle static performance for standard flaps.
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Figure 14. Resultant yaw-vector angles. M = 0; NPR = 3.2.
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Figure 15. Effect of symmetric pitch vectoring and cant angle on nozzle static performance for long flaps.
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146



-.,1

Z
-a

0

i i I I I

_ _ 0 0 0
0 _ _ _ _ 0

0 111 II1 III III Ill III

r,o

{..yl

c_

y _V f_l _../

] ()

I I I I I I

bO 1',3 I'0 .-_ _ ---"
.._ I'0 0 O0 0"_ 4_

0 I I 1 I I 1 I I I I i 1 I I I

C_
F--

I

0
.._ 0

1 I I

0 0 -_ -_ bO
4_ (30 bO O_ 0

I I I I I I I I I I I I I l I

i
0

CD
I

"-rl

I

ro

I I I

I I i i I

--_ 0 0 0 0 0
0 O0 0_ -I_ l',O 0 1',3

I I | I | I I I I i i i i i i i i , , i , • ,

Z
33
5D

bo

L_

4_

Gn
. o/

_ /" / /

t>080

C,4 1,0 .--_
0 O0 0

{._ I',O .--"
0 0 0 0

O.J
<

"0

<

_D



0 0

_" o
=

Z
33

Z
-13
513

0
3

I I I I

_ _ 0
0 _ _

0 III III II1 I

I'o

G4

Cffl

C_

I I I I

ho ho 1'o
I',6 0 OO

0

1'o

4_

C_

C_

I I

0 0 0 0
0 -_ 4_ 0 ._

I l I I I I I I "' I I 1 I I

C_
F_

I I I

0 _ _

CO I'0 0"_ 0
! 1 I I I I I | I I I

\

r3< >

,_ rffj :>

_ _>

I I

O_ .._

I I I I 1 I f

C>

C_
I

-q

1

ro

I I I

I I I I I

"-_ 0 0 0 0 0
0 O0 0"_ _ I',6 0 I,,3

I I I I 1 | I I I I I I I I I I I I

S
Z

./

i | i m

D,Ono

C_ r'o ---_
0 000

C_ I'O ---_
0 000

o_
<

O_
0

_D

o._
<

0..

uD



0 (-)
r-

¢.0

Z
-U

0_

C_ il

Z
-U

0

[,o

O_

Co

I I I

0 _
III ill

0

I I I

f,o f,o r,o
-_ r,o 0

0 I I I I I I

p-

4_

O_

CO

0

I I

0 0 0
03 4_ 0

''' ' ' ' _;' '.

()

I

0 0 0 -_

| I I I [ I I I I l I I 1 I I

IYo 

O_ 0

I I I

0

c_
i
-r]

I I I

1 I i i I i I I

..... 0 0 0 0 0
O0 O_ 4_ to 0 Do O_ _ bo 0 h3

I I I I I I | I I I I I I I I I I I I I I I I , i , _ , ' '

 0[]0

0 0 O0

C_ _0 -_
0 0 O0

o_
<

-C_

O_
(1)

<

(D



c_'
=

v

o

Z
-13
5;3

Z
"13
513

0
3

0
F

I I I I I

_ _ 0 0 0
0 _ _ _ _ 0

0 III 111 I11 III 111 II1

0

I

0 0 0 --_ --_
4_ 0 4_ O0 IX.) Cb

' '_' ' ' ' ' ' '' ' ' ' ' , ,

C)

E]
I

-13
V

I I I I I I I I I 1

IX) ..... 0 0 0 0 0 0
0 O0 C_ 4:_ IX) 0 O0 0") _ IX.) 0 IX.)

0 I I I I I I I I I I I I I I I I I I I 1 I 1 I I I I I I I I I I I I I I I I I

O0

0

bo
0

0

Ono

000

000

o.J
<

U

w

Q_
(I)

,.Q

o._
<

"D

r_

,n



6v,p,i, deg 6v,po r, deg

C L

C m

.8

.6 _

.4

.2

0

--.2

.2 -

0

--.2

--.4

O

[]

<>
A

• Z_f

.J r/x "

0

10

20

3O

C(D-F)

.4

.2

0

--,2

--.4

--.6

--.8

-.6

--°8

-4

I1 rl r

JN
<; -,,,- "

• ,,_ (

0

10

20

30

-1.0

-1.2

-1.4

-1.6

-1.8 -,,,
-4

fill III Ill 111 III I11 III III II II1 II 111 II III III

0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28

(x, deg
a, deg

(a) M = 0.20, NPR = 3.2.

Figure 18. Effect of symmetric nozzle pitch vectoring on total longitudinal aerodynamic characteristics for

standard flaps with O = 30 °.
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Figure 19. Continued.
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Figure 55. Effect of nozzle pressure ratio on side-force effectiveness and directional control power with a = 0°.
Evaluated between 6v,p = 20 ° and 0%
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Figure 55. Continued.
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Configuration

o _ =0 °

o e =30 o
0 0 = 45 °

Transonic fighter
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Figure 56. Comparison of longitudinal control power from powered and aerodynamic control effectors for

O_0 °.
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Configuration
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Figure 57. Comparison of directional control power from powered and aerodynamic control effectors for a = 0°.
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